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1 . Introduction to the Geology of the Himalayas and Southern 
Tibet 
1.1 Plate Tectonic History 
The Himalayas formed by collision of the Greater Indian Plate with the south Asian margin 
during the Paleocene (Fig. 1). The northward movement of the Indian Plate, prior to this 
collision, closed the Neotethys ocean with lay to the north of it, along a n6rthdipping sub-
duction zone along the southern Asian margin, and opened the Indian Ocean to the south. 
Paleomagnetic results suggest that during its northward drift the Indian plate attained velocities 
of up to 15 cm/a. Suturing is thought to have occurred scissor-like, with first contact in the 
western Himalayas as early as perhaps the latest Cretaceous (e.g., Beck et al. 1995), and after-
wards prograding eastwards. 
Prior to final Gondwana breakup resulting in India's northward drift around the Jurassic/Creta-
ceous, the Lhasa Block had split off Gondwana in the Permian and drifted northward. It 
collided with Asia in the Jurassic, forming the Bangong-Nujiang suture. 
The amount of crustal shortening in Asia and Greater India probably amounts to 3000 km or 
more in a N-S direction (e.g., Chen et al. 1993). Crustal convergence continues into recent 
times with rates of several cm per year. Crustal convergence was accommodated mainly by 
three different processes: (1) southward thrusting along major faults as e.g. the Main Central 
Thrust (Fig. 2), (2) "continental escape", i.e. east-southeastward escape of Asian continental 
blocks (Fig. 3), and an uncertain amount of continental subduction of the northern Indian 
shelf. Thrusting as well as right-lateral strike-slip faulting are processes that are still active 
today in southern Tibet and the Himalayas (e.g., Armijo et al. 1986, 1989). 
The deep structure of the Himalayas and the Tibetan Plateau are still intensively discussed. 
Current models propose either: 
(1) underthrusting of Indian lithosphere under Asian crust, and subduction of Asian litho-
spheric mantle, 
(2) India as a rigid indentor and li thospheric thickening of Ti bet, 
(3) injection of Indian crust into Asian ductile lower crust, and subduction of Indian litho-
spheric mantle. 
1.2 Outline of Himalayan and South Tibetan Geology 
The Himalayas are subdivided in a north-south direction into a number of tectonostratigraphic 
units, generally separated by major thrusts or normal faults (Fig. 4). In the south, the Subhima-
layas or Siwaliks are made up of mainly Tertiary molasse-type sediments shed from the 
mountain belt to the north. To the north, the L~sser Himalayas are separated from the Subhima-
layas by the Main Boundary Thrust. The Lesser Himalayas consist mainly of probably Precam-
brian and Lower Paleozoic sediments and minor magmatic rocks. The northern boundary of the 
Lesser Himalayas, the Main Central Thrust, is thought to have accommodated up to 500 km 
thrusting (e.g. , Le Fort 1989) and is characterized by a conspicuous inverse metamorphic 
gradient. 
The High Himalayas to the north form the crystalline core of the mountain belt. They consist of 
probably Precambrian highly metamorphic rock, as well as of Miocene leucogranites of homo-
genous composition, which represent the only exposed magmatic expression of the Himalaya 
orogeny. The Tethys Himalayas are frequently separated from the High Himalayas to the north 
by a north-dipping normal fault, which was partly active concurrent with the Main Central 
Thrust, in the Miocene (Hodges et al. 1992). 
The Tethys Himalayas comprise a sequence of Lower Paleozoic to Lower Tertiary sediments 
and minor volcanics, which were deposited on the northern shelf of Greater India during the 
existence of the Neotethys. Bodies of Miocene leucogranites (the North Himalayan Plutonic 
Belt) are present in the Tethys Himalayas, as well as Early Paleozoic plutons which, according 
to some authors (e.g., Garzanti et al. 1986), are indicative of a Panafrican orogenic event. . 
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40 Ma 
L.E.Ricou 92 
Fig. 1: Paleogeographic reconstructions for the Tethys realm during latest Cretaceous and Tertiary time, 
showing collision of Greater India with Asiaand subsequent east-southeastward lateral extrusion of Asian conti-
nental fragments . From Dercourt et al. (1993). 
North of the Tethys Himalayas, the Indus-Yarlung Suture Zone (lYSZ) is the main Himalayan 
suture and consists, from south to north, of "wildflysch" (with exotic blocks), ophiolitic rocks 
with a radiolaritic cover, and Cretaceous clastic fore arc sediments (the Xigazeand Indus 
groups, Fig. 2). The latter are discordantly overlain by probably Miocene fluvial deposits 
(Qiuwu and Kailas formations and Indus molasse). 
The Transhimalayan or Gangdese Belt, or Ladakh Batholith in west, is the plutonic root of the 
Cretaceous/Paleocene magmatic arc. This belt is situated on continental crust of the Lhasa 
Block, which forms the southern part of the Tibetan Plateau. The volcanic cover has been 
largely eroded; granodiorite is the most abundant rock type. 
The Lhasa Block north of the Gangdese Belt consists of various Precambrian (7) to Tertiary 
sedimentary, igneous and metamorphic rocks. During this field trip, we will visit an outcrop of 
the Middle Cretaceous Takena Formation. This is a series of terrestrial clastic sediments 
deposited in a continental backarc setting, but at the same time assuming a foreland basin 
position relative to the Bangong-Nujiang suture. It is discordantly overlain by a volcanic 
series, the Lingzizong Fm. of late Cretaceous to early Tertiary age. 
2 
Fig. 1 (continued) . 
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Fig. 2: Schematic cross section through the Himalayas from the MCf (Main Central Thrust) to the Lhasa 
Block. After Burg and Chen (1984). 
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Fig. 3: Modem kinematics of the Indian-Eurasian collision zone. BS, Bangong-Nujiang Suture; JS, Jinsha 
Suture; IZS. Indus-Yarlung Suture; Mer, Main Central Thrust; MBT, Main Boundary Thrust; L, Lhasa; K. 
Mount Kailas . From Eisbacher (1991). 
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Tibetan Tethys Himalaya, southern zone - Lithostratigraphy 
Stage Llthostratlgraphlc units and lithology Characteristic fossils 
Pl10cene 
Yebkangjiale Group Phytolites: Quercus semicarpi/olia, Q. pannosa 
Grey conglomerates and sandstones Spores and poUen: Cedrus, Abies, Picea, Pinus, 
::i Mlocene=- > 1000 m , Tsuga, etc. 
f-=- Ol1gocene~ nodata ~~
I» f ----- Zongpubei Formation gg Red C1ay- and siltstones, greenish-grey marls bivalves, gastropods, algae, smaU foraminifers 
1: l00-200m 
V ~ ~----------~------------------------~~------------------------------~ 
Eo- ~ Eocene Zhepure Shan Formation I Zongpu Fonnation Nummu/ites, Fascioliles, Miscellanea, Lockharlia, 
C,) 
..... 
tIJ 
tIJ 
cd 
.... 
::1 
.., 
C,) 
..... 
tIJ 
~ 
..... 
~ 
~ Massive, thick bioclastic limestones and calcareous marls Operculina, Spiroloculina, Quinqueloculina, Keramo-
o I- - - - - 360 - 500 m sphaera, Rolalia, Discocyclina, Assilina, Bairdia 
~ Paleocene~~~~~=---------------------------------~--------------~------------------~ 
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tIl 
cd 
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tIl 
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:a 
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Callovlan 
Jidula Formation 
Sandstones, calcarenites and shales 
130 - 250 m 
few molluscs, algae, bryozoans, and foraminifers 
Zhepure Shanpo Fonnation I I I. ! I 
Calciturbidites and siliciclastic turbidites with marlstones " 4! ~ ~ ~ 
320 m ~ ~ ~ i8..li r-------------------------------------------~~ . ~ ~ 
Zongshan Formation ci 0 !!' . ci 
11 I JH 
Limestones intercalated with marls and sandstones ; ~ 
270 -300m 15 
s ~ i d ~ 
I I ~di~ltio;< 
a Jiubao Formation 8 .9 ~ ~ ~ . 0 
.S t;8~O!~" i Thin-bedded limestones, marls and sandstones ~ ~ ~:: 0 ~ 
,? 110 m ~ '2 ~ ~ 0 " 0 
'; Xiawuchubo Formation ~ _ 1] ~ Cl 
Q Black shale, thin-bedded marls, and micritic ~"~ ~ I 2 a 
Co ~ limestones 90-180 m ~ ~ ~ '" u :: ~.II . 
e ~:~~ :r:; ~ "', "', ~ ~ ea ~ Cl additional: small benthic .~ _ Lengqingre Formation j "," . .. , .. , b da t 
Grey calcareous shale and grey marls .!I .9 '" ; calcispheres, radiolaria, 
210 - 230 m coccoliths, some echinoids, 
C
""11!1' -------------------------------4::z:. ~ 1! I' "'I ~~ ~::Z:' .. :&! ~::&l;Q, loramlDllers, a un n 
ammonites, bivalves, 
Cbaqiela Formation 11 "" and gastropods 
Grey silty shale and thin limestone, sandstones ~ 
160 - 180 m ;> 
Dongsban Formation 
Black shales and silly shales with siderite concretions 
500 - 800 m 
Xiumo Formation 
Upper: black shales and siltstones, Lower: grey limestones , 
siltstones and sandstones 71800 m 
Menbu Formation 
Black-brown sandy shales, siltstones, and shales 
>500 m 
Parahopliles, Pyerelyloceras, Anisoceras, 
C/eoniceras, Berriasalla, Pleuromya 
Virgalosphincles, Aulacosphincles, Haploceras, 
Lima, Enlolium 
Aulacosphincloides, Dhosailes, Epimayailes, 
Kamplokephaliles 
- - - - -r---------------------------------~--------------------------~ 
Lalongla Formation 
Bathonlan Limestones, marl, quartzose sandstones 
740 m 
BaJoclan 
Toarclan-
HeUang. 
RhaeUan 
Niebnieb Hsionla Fonnation 
Grey oolithic limestones with sandstone and shales 
780 m 
Pupuga Formation 
Grey siltstones, silty shales, glauconite sandstones 
880 m 
Zhamure Formation 
Pale-white coarse- and medium-grained sandstones and shales 
~ ____ 1 __ 14O __ m ______________________________________ ~ 
Norlan 
Carnlan 
Anislan -
Lad1nlan 
Sycthlan 
Derlrong. QUlonggongba & Yll7bi Fonnations 
Sandstones, shales, and limestones with phosphatic concretions 
1000 m 
Kangsbare Formation 
Grey limestones, dark-grey siltstones and shales 
99m 
Qudenggongba Formation 
Bioclastic carbonates with fine-grained clastics; limestones 
with grey & purple silty shales 200 - 400 m 
Tulong Formation 
Limestones , grey & purple sbales, dolomite 
l00-300m 
6 
Macrocephalites, Camplonecles, Enlolium, 
Aslarle 
Wilchellia, Dorselensia, Sonninia, NauliIus, 
belemnites 
Schlolheimia, Gleviceras, Weyla, Aslarle, 
Enlolium 
Parahaueriles, Hoplolropiles, Dislichiles, 
Analomiles, Paralibeliles, Tibeliles, 
Pinacoceras, Juvavitidae, lndopeclen, Halobia, 
Lilangina, Gryphaea, Himalayasaurus 
libelensis, and others 
Rimkiniles, Ptychiles, Anagymniles, Buddhailes, 
Halobia, brachiopods 
Procarniles, Oweniles, Pseudosageceras, 
Dieneroceras, Leiophylliles, Oloceras, molluscs, 
brachiopods 
2. Mesozoic and Cenozoic Stratigraphy 
In Figs. 5 & 6 the currently used lithostratigraphic schemes of the Tibetan Tethys Himalaya, 
the Xigaze forearc basin, and the Lhasa Block are summarized. For the Tethys Himalaya, the 
complete Mesozoic and Cenozoic lithostratigraphic succession is displayed, but for the Xigaze 
basin and the Lhasa Block, only lithostratigraphic units related to excursion stops are shown. 
For the Triassic, Jurassic, and Tertiary the biostratigraphically relevant fossil content of each 
lithostratigraphic unit is also displayed in Figs. 5 and 6. In the Cretaceous, especially in the 
Upper Cretaceous, a very detailed biostratigraphic zonation founded on planktic foraminifers 
was elaborated recently (Wan 1991; Wan et al. 1993; Willems & Zhang Binggao 1993a, b; 
Willems et aI., submitted; Fig. 5). 
Tibetan Tethys Hlmalaya, northern zone, Xlgaze Basin, Lhasa Block 
lIthostratlgraphy 
U I Tibetan Tethys Himalaya, north em zone Xlgaze Basin Lhasa Block ! Llthostratigrciphic: unl" and Characteristic Lithoslrallgraphlc Characteristic Llthoslraligraphic: Characteristic lithology fossUs unlb and lithology fossils unlb and lithology fossils f-~ 11 w •• ",_". .~ '."c_, ___ s 1111111111111111111 1IIIIIllllllll Grey conglomerates and sandstone! , spores and pollen: volcamclaslIc sandstone ;l yeUow and purple mudstones and Fedrus, Amt:.!', Pu:ea and conglomerates 1-0 tt ~-",-,-, ~ silty sbales .pp 450 m P,nus. Tsuga ~nod.ta reddish volcamc rocks 
Zo.pIa.o ForaatiOll Q.aw. For •• lio. ?PaIeoc:cnc: 
.. flysch. olisthostromes, and pelaglc volcaruclasllc sandston 
cs ~ := limestones Upper grey sandstones. and conglomerates ~~ intercalated WIth vol.camclastlcs, laokbc foramuufc:rs, Eocc:ne - Ohgocenc Sltr.s:ial For •• tio. 
AllotfUcypns. ~S siliceous shales and limestones ~OOltc:S. c:chinOlds ~ red to purple sandston~s and :J~ MidcDc: black chert, Wiceous shales . . mudstones , mtercalated Wlth Scabncu/ocypns. rIJ 
and sandstones. Lower: dark and Xipze G roap poo.r for.ummferal greyish~grecn shales Cypndops/S, few ::l bivalvcs 0 black sarui.stones, siltstooes, calc- siliciclastic flyscb IrucrofatUlaS of 1015 . 2300 m 
U aremtes , and volcaniclastics 1000 - > 1500 m 4500 _ 7000 m Mid-Cretaceous (.) 
?Albian to '!furoruan age, few Orbitolina tibelica, .s Ji.bala Fo ..... Uo. Douvilleiceras, Btu- ammonites Take •• Fo ..... tio • U .. Upper: dark grey and black silty dantice ras, Anaha- dark gray and greenish gray O. mimaa, O. plana· b = nwlinLl. Prychoceras, shales, siltslooes, and convexa, O. trochu.s, .. ~ siliceous & calcarenitic shale with Xic- Op~i.lite ~ tl tuff; Lower: black shale. chert and Kilianella, SpiJiceras. chen. radiolarite, and radiolarians sandstones 580 m Deshayesites, AcanJJw-
.sS siliceous shales. intercalated with Berriasella, Haplo- ophioliles Ch.olooe F .... atio. _\ hoplites, Parahoplites. phylloceras. PrOl- HypacanlhohopliJes. ~ turbidites and thinly-bedded limc- lyrocems, belemnitcs, terrcstrial quartzose Uhligella, bivalves, stones 6OO - IBOOm inoceramids sandstooes, conglom"Cr~les , corals . •• stropods ~ and are03ceous sbal .. Some Weiaei For.atio. Virgatosphif\Ctes andcsites and andcsitic 
... .s.I 
Upper: black shales and siltstooes 8lon/ordiceras ignimbrites. 700 - 1000 m 
~ .. intercalated with quartz'ose sandstone, Prerolytocerw Lower Cre la ceous ~gj limestooes. and ruff. HimtJlayiles 
~ :J3 Lower: siltstones, sandstones with Spiticeras \ ,~,-,,-,-, .., thin-bedded limestones . Hap/ophy//ocerps Coal-bearing terrestrial ~ 800 - 1300 m ecbinoids " clastics (WWealden-typeW) plant fragments 
3 TiubaFor.atio. 300 - JOOOm lowermost Cretaceous 
"? <tf,!l Dark and black interbedded marls, Delediceras 
"." limestones, calcareous shales, and Pn'mtJrielts !~ silty shales; the lower part is affected Nyalamocerw t by low-grade metamorphism 1500 - > 2000 m 
... .!:! Jilo_I' Lucjicx.c' Xi_kul Gro.p Tropites. 
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Fig. 6: Mesozoic and Cenozoic lithostratigraphy of the northern Tibetan Himalayas, the Xigaze basin, and the 
Lhasa Block. Modified after Academia Sinica (1980), Wan (1991), Liu (1992), Willems (1993), and Liu & 
Einsele (1994, tab. 1). 
Fig. 5 (opposite page): Mesozoic and Cenozoic lithostratigraphy of the southern Tibetan Himalayas. Modified 
after Wan (1991), Liu (1992), Willems (1993), and Liu & Einsele (1994: tab. 1). 
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In the Berriasian to Aptian interval, the occurrence of rare specimen of Berriasella grandis, B. 
subcallisto, B. privasensis, Sarasinella cautleyi, Neocomites indicus, Crioceratites nolani, 
Acanthohoplites besairiei and Parahoplites sp. in the Dongshan Fm. allow the biostrati-
. graphic classification. 
From the Albian into the Maastrichtian, the occurrence of abundant planktic foraminifers has 
led to the development of a detailed zonal succession at least for several well-studied sections 
(e.g., Tingri , Gamba, and Ti.ina). At the moment, two slightly different zonal successions 
exist, those from Wan (1991) and the one proposed in Willems et al. (submitted). The zonation 
of Willems et al. (submitted) is mainly based on biozones proposed in Caron (1985) and is 
founded on the study of thin section material, whereas the zonation of Wan (1991) was 
founded also on material obtained from washing residues. 
The zonal definitions are described in the following and Fig. 5 shows the range of the biostrati-
graphically most important planktic foraminifers and the related strati graphic classification of 
lithostratigraphic units. Definition of biozones (from the strati graphic youngest to the oldest, 
TRZ = total range zone, IZ = interval zone, PRZ = partial range zone, FO = first occurrence, 
LO = last occurrence): 
After Wan (1991): 
Stuartiformis Zone: PRZ from the LO of Globo-
truncanita elevata to the LO of G. stuartiformis. age: 
Late Campanian. 
Elevata Zone: TRZ of Globotruncanitaelevata. 
age: Early Campanian. 
Renzi Zone : TRZ of Marginotruncanarenzi. age: 
Santonian. 
Schneegansi Zone : TRZ of Marginotruncana 
schneegansi. age: Coniacian. 
Helvetica Zone: TRZ of Helvetoglobotruncana 
helvetica. age: Late Turonian. . 
Archaeocretacea Zone : PRZ from the FO of 
Whiteinella archaeocretacea to the FO of Helveto-
globotruncana helvetica. age: Early Turonian .. 
Cushmani Zone : TRZ of Rotaliporacushmani. 
age: Late Cenomanian 
Greenhornensis Zone: PRZ from the FO of 
Rotaliporagreenhornensis to the FO of R. cushmani. 
age: Middle Cenomanian. 
Appenninica Zone: PRZ from the FO of 
Rotalipora appenninica to the FO of R. green-
hornensis. age: Early Cenomanian. 
Roberti Zone: TRZ of Ticinella roberti. age: Late 
Albian. 
Trocoidea Zone: PRZ from the FO of Hedbergella 
trocoidea to the FO of Ticinella roberti. age: Early 
Albian. 
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After Willems et a1. (submitted): 
Mayaroensis Zone: TRZ of Abathomphalus 
mayaroensis. age: Late Maastrichtian. 
Gansseri Zone: IZ from the FO of Gansserina 
gansseri to the FO of Abathomphalus mayaroensis. 
age: Middle Maastrichtian. 
Stuarti Zone: IZ from the LO of G. calcarata to 
the FO of G. gansseri. age: Early Maastrichtian. 
Calcarata Zone: TRZ of Globotruncanita 
ca1caraJa. age: Late Campanian. 
Ventricosa Zone: IZ from the FO of Globo-
truncana ventricosa to the FO of Globotruncanita 
calcarata. age: Middle Campanian. 
Elevata Zone: PRZ from the LO of Dicarinella 
asymetrica to the FO of Globotruncana ventricosa. 
age: Early Campanian. 
Asymetrica Zone: TRZ of Dicarinella asymetrica. 
age: Late Santonian to probably Early Campanian. 
Concavata Zone : IZ from the FO of Dicarinella 
concavata to the FO of D. asymetrica. age: Late 
Coniacian to Early Santonian. 
Sigali Zone: PRZ from the LO of Helvetoglobo-
truncana helvetica to the FO of Dicarinella con-
cava/a. age: Late Turonian to Early Coniacian. 
Helvetica Zone: TRZ of Helvetoglobotruncana 
helvetica. age: Middle Turonian. 
Archaeocretacea Zone : PRZ from the LO of 
Rotalipora cushmani to the FO of Helvetoglobo-
truncana helvetica. age: Late Cenomanian to Early 
Turonian. 
Cushmani Zone: IZ from the LO of Rotalipora 
reicheli to the LO of R. cushmani. age: Middle to 
Late Cenomanian. 
Reicheli Zone: TRZ of Rotalipora reicheli. age: 
late~t Early Cenomanian to earliest Middle Ceno-
maruan. 
Brotzeni Zone: IZ from the to the FO of Rotali-
pora brotzeni to the FO of R. reicheli. age: Early 
Cenomanian. 
Appenninica Zone; IZ from the FO of R. appen-
ninica to the FO of R. brotzeni. age: Late Albian. 
Section Tingri (p.p.) Distribution of planktic foraminifers (Turonian to Santonian) 
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Fig. 7: Distribution of planktic foraminifers in the Cenomanian (p.p.) to Santonian of section Tingri . Forms 
like Hedbergella sp., Whiteinella sp, Globigerinoides sp., etc. and Heterohelicidae not shown. Biozones 
mostly applied as proposed in Caron (1985). See remarks in chapter 2. 
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Fig. 8: Distribution of planktic foraminifers in the Santonian (p.p.) to Paleocene (p .p.) of section Tingri. 
Forms like Hedbergella sp., Whiteinella sp, Globigerinoides sp., and Heterohelicidae not shown. Biozones 
mostly applied as proposed in Caron (1985). See remarks in chapter 2. Open circles: species determined by K.F. 
Weidich, black circles: species determined by K.-U. Grafe. 
Both zonations are founded mainly on the investigation of the sections Tingri and Gamba. The 
Stuarti Zone covers the period of the Havanensis and Aegyptiaca Zones in Caron (1985) and 
the Sigali Zone comprises the period of the Sigali Zone sensu Caron (1985) and of the 
Primitiva Zone of this author. Most of the index fossils mentioned above are displayed in PIs. 
1 and 2 of this guide-book. 
During the Maastrichtian, a marked regression can be observed. This leds to the disappearance 
of planktic foraminifers in the southward Gamba section at the base of the Maastrichtian. 
Planktic foraminifers stay frequent in Tingri up to the top of the Cretaceous. In both areas, 
orbitoid large foraminifers occur and allow a biostratigraphic zonation of the Maastrichtian of 
Gamba (Fig. 5). 
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Fig. 9: Distribution of planktic foraminifers in section AI, E of Gamba. After Weidich (unpublished). 
If one studies the occurrence of selected planktic foraminiferal species in detail several FO and 
LO datums in the Tethys Himalaya of Tibet are remarkable compared to the known distribution 
in the W-Tethys. In the Figs. 7 to 10, results from the biostratigraphic investigation with 
planktic foraminifers of the sections Oamba and Tingri are plotted. E.g., the species Dicarinella 
asymetrica and Globotruncanita elevata (PI. 1, Fig. 10) show a large overlap. In the Gamba 
Zongshan I section of Wan and in the profile A 1 of Weidich (Fig. 9) G. elevata has its FO 
only few samples above the FO of D. asymetrica. 
The whole Upper Turonian in Tingri seems to be very condensed (10 m thickness) and is 
immediately succeeded by associations containing Dicarinella concavata, D. primitiva, and M. 
sinuosa (PI. 1, Figs. 8,9) besides Turonian-Santonian double-keeled marginotruncanids. The 
Turonian/Coniacian boundary in Tingri was placed very tentatively at the FO of M. sinuosa 
similar to the usage in Robaszynski & Caron (1979), Lamolda & Proto-Decima (1986), and 
Orafe & Wiedmann (1993). M. sinuosa occurs several meters below the FO of D. concavata 
in the Tingri section (Fig. 7). The boundary between the Gamba Group and the Zongshan 
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Formation lies in the Concavata Zone (Coniacian to Lower Santonian). This boundary is at the 
base of the Campanian in Oamba (Willems & Zhang 1993a). 
The basal part of the succeeding Oansseri Zone is well-defined by a rich planktic foraminiferal 
association typical for this Zone (Fig. 8; PI. 1, Figs. 11, 14, 16, l7). Planktic foraminifers 
typical for the Gansseri Zone (Fig. 8) co-occur together with Orbitoides media and Omphalo-
cyclus macroporus in grainstones and rudstones that contain partly micrite clasts of pelagic 
limestones. These micrite clasts exhibit the same planktic foraminiferal association (Oansseri 
Zone) as the grainstones and rudstones. Therefore, a significant amount of intraformational re-
working is observed in this part of the Tingri section. 
The exact biostratigraphical determination of the Zhepure Shanpo Formation turns out to be 
difficult in the middle to upper part, because the organisms found in this ·unit are partly rede-
posited from older deposits, mostly from the Maastrichtian (Willems 1993: fig. 14). 
3. Paleogeographic development (Triassic to Tertiary) 
This chapter is mainly based on the work of TROT (1983), Liu (1992), and Liu & Einsele 
(1994) . The sedimentary realm can be divided in two zones: (1) a southern, landward zone 
dominated by shallow-marine deposits, and (2) a northern, basinward zone dominated by 
deep-water sediments and volcanic rocks (Fig. 11). 
During the Triassic, the Tibetan Tethys Himalaya is characterized by passing through various 
stages of rifting. Southern Tibet subsides slowly leading to the progressive southward onlap of 
shallow-marine deposits in the Scythian. Sedimentation rates were low. A deltaic system 
evolved in the Mid-Triassic west of Oamba. However, most of the sedimentary realm was 
occupied by shallow-water carbonates as in the Scythian. Non-uniformly distributes subsi-
dence rates demonstrate the presence of listric faults and half-grabens (Liu 1992, Liu & Einsele 
1994). Turbidites were deposited in the northern parts of the basin. 
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Fig. 11: Geologic map of a part of the Tibetan Tethys Himalaya. 
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Fig. 12: Lithofacies distribution and selected sequences (no scale) of the Tithonian in the central Tethyan 
Himalayas. The N-S scale of the map has been restored into the original state prior to crustal shortening. From 
Liu (1992: fig . 2-3-20). 
In the Carnian to Norian, subsidence rates increased markedly. Deepening-upward sequences 
and widespread phosphatic concretions were spread over the southern sedimentary zone (Liu & 
Einsele 1994). The occurrence of olisthostromes and radiolarites associated with ocean floor 
basalts characterizes the northern sedimentary realm. In the Norian to Rhaetian, decreasing 
subsidence rates led to the progradation of clastic deposits northwards. The provenance of the 
clastic deposits was related to local uplifted areas (late rift stage). 
In the Lower Jurassic, the clastic input decreased and uniformly but slow subsidence led to 
the evolution of a carbonate ramp on the newly created passive margin of the Tethys. The 
coastal sedimentary regime was dominated by tidal processes (Liu & Einsele 1994). Basalt 
volcanism and pelagic sediments characterizes the northern sedimentary realm. During the Mid-
Jurassic, carbon~tes deposited on a ramp were dominant, however, higher subsidence rates 
occurred. The rate of deposition kept pace ("keep-up" and "catch-up") and leds to aggradation 
and progradation of more than 1500 m thick shallow-marine sediments (mainly carbonates). 
A possible strike-slip fault with right-lateral movement is likely to develop across the shelf as 
result of non-uniform sea-floor spreading (Nagarze area, east of Gyangze). Rapid sea-level rise 
and also rapid subsidence took place in the Callovian to Oxfordian. This resulted in sediment 
starvation and the deposition of condensed ferruginous oolite beds and coquina beds. Local 
hiatuses occur. In the Kimmeridgian, a terrigenous dominated shelf evolved. The clastic 
deposits prograded from SW to NE. However, the Oyangze area received little sedimentary 
input from the clastic shelf, only thin pelagic sediments were deposited there. 
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Fig. 13: Lithofacies distribution and selected sequences (no scale) of the Berriasian to Aptian in the central 
Tethyan Himalayas. The N·S scale of the map has been restored into the original state prior to crustal shorte-
ning. The sequences with asterisk are based on field observations from Liu, the others are cited from the litera-
ture. From Liu (1992: fig . 2-4-3). 
In the Tithonian, oolites dominate a shallow-water shelf in the southwest and terrigenous 
clastics in the southeast (Fig. 12). In the more deep-marine areas towards the north, more than 
1000 m of fine-grained clastic sediments were deposited. The lurassic-Cretaceous boundary is 
characterized by a regression. 
In the lowermost Cretaceous (Berriasian to Aptian Dongshan Fm.), the southern shelf is 
dominated by clastic deposits. Shoal areas were recognized in the west, restricted basinal areas 
in the east (Figs. 13, 14a). The eastern restricted basin (Gamba area) was filled with dark and 
black shales rich in ferruginous and phosphatic concretions. Thinly bedded black clay- and 
siltstones were deposited, intercalated by sandstone turbidites, polymict breccias (debris flow), 
tempestites, and allodapic limestones. Cross-cutting the layers are sandstone dykes, fonned by 
the detritic filling of open fissures and junctures occurring at the sea floor. The northern 
sedimentary zone (Fig. 11) shows slope aprons, submarine fans, and pelagic plain deposits. 
The basin configuration was strike-slip-fault controlled. A long-term sea-level rise is 
recognized in the Lower Cretaceous sediments. 
The Albian to Santonian period exhibits further transgression southward. The whole southern 
zone is now an outer shelf realm (Figs. 14b, 15) where the deposition of hemipelagic and 
pelagic, foraminiferal rich shales and mudstones occurred (Gamba Group, Zongshan Fm.). 
The lithofacies is distributed unifonnly over the basin and the maximum sea-level is recognized 
in the Santonian (Liu & Einsele 1994). The northern sedimentary zone is characterized by steep 
slopes (Fig. 14b, c) and chaotic sediments derived from the upwarping continental crust. The 
upbending of crust is related to northward subduction of oceanic crust beneath the Eurasian 
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Plate. In the evolving Xigaze Forearc Basin, thick piles of flysch (more than 4500 m) were 
deposited between Albian and probably Turonian. 
In the Campanian to Maastrichtian a marked regression occurred (shoaling-upward) resulting in 
the deposition of rudist carbonates, oolitic shoals, and limestones rich in orbitoids (Zongshan 
Fm., Figs. 14c, 16). Especially in the Gamba area, a differentiated carbonate platform could 
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establish, the higher-energetic shoals of which at times reached into intertidal and sometimes 
even supratidal zones. Biofacially, .thesediments deposited in the Zongshan Formation 
(Members Limestone IIIIII, each approximately 30 m thick) were at first dominated by orbitoid 
foraminifera (Orbitoides, Omphalocyclus) , at places rudist biostromes were developed, the 
further propagation of which was prevented by repeated major influx of terrigenous material, 
mainly quartz. In the Upper Maastrichtian, dasycladaceans (mainly Cymopolia) and udotea-
ceans (mainly Ovulites) diversified more and more. They in return were displaced by the strong 
development of red algae, which built the characteristic Rhodolite-facies Member at the top of 
the Zongshan Formation especially with the corallinaceans Archaeolithothamnium and Litho-
thamnium and with the squamariacea Ethelia alba. 
North of the carbonate dominated realm, in the Tingri area, mixed siliciclastic and calci-turbi-
dites were recognized in the Zhepure Shanpo Fm. (Willems & Zhang Binggao 1993b). In this 
formation of approximately 240 m thickness, the hemipelagic background sedimentation charac-
terized by the abundant occurrence of calcispheres was dominated by an increasing influence of 
sandstone turbidites, and in the Lower Paleocene there was the additional influence of rede-
posited shallow-water limestone particles of Maastrichtian age, which possibly had been 
eroded from a nearby cliff. The terrigenous influx in the area of Tingri in the Lower Paleocene 
was terminated by the lidula Formation of 80 m to 100 m thickness, the quartz sandstones of 
which were deposited from a shallow marine delta front prograding seawards. In contrast to 
the Tingri area, the sandstones around Gamba were deposited from barriers running parallel 
with the coast, causing the formation of restricted lagoons with stagnating water circulation 
(black limestones of Member 11 of the lidula Fm.; Carter 1978, Inden & Moore 1983). 
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The trench basin further northward show continent-derived, accretionary-wedge derived, and 
mixed chaotic and flysch deposits. In the Maastrichtian to Danian, widespread clastic sediments 
(Jidula Fm.) deposited under strong tidal influence and with poor fossil content were recog-
nized southward (Figs. 14d, 17). The northern basin is filled with thick turbidite units. 
In the Paleocene to Eocene, bioclastic carbonates deposited in a remnant basin dominate the 
sedimentation after the siliciclastic influx represented in the lidula Formation had faded out due 
to the a strong transgressive trend. The stable carbonate platform could settle in the Tingri area 
about the Middle Paleocene (Angulata Zone), the deposits of this platform being found in the 
Zhepure Shan Formation of approximately 400 m thickness. This development approximately 
coincides with the renewed spreading of a carbonate facies in the area of Gamba (approxi-
mately 260 m Zongpu Formation). A probable warm climate and a stable tectonic position 
allow the rapid accumulation of several 100 meters of carbonate (Fig. 18). Especially during 
the Thanetian and partly during the Ilerdian, too, the sedimentary development of the two areas 
Tingri and Gamba again took a nearly congruent course. Large quantities of larger foraminifera 
(Miscellanea, Ranikolhalia, Operculina, Discocyclina, rotaliids) spread under relatively stable 
sedimentation conditions of the open marine platform and of the open sea shelf. From the 
Ilerdian on Alveolina and Orbitolites occurred as well. Keramosphaera and Sphaerogypsina 
are found in layers approximately restricted to the Montian/Thanetian boundary zone. 
The marine sedimentary history around Gamba is terminated by the greenish-grey marlstones 
and the reddish clay-/siltstones as well as the intercalated fine sandstones of the Zongpubei 
Formation. They were formed in marginal marine coastal zones and at times hypersaline coastal 
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ponds and cut-off lagoons. The time of this change in the sedimentation history of the Tethys 
Himalayas in the Gamba area occurred during the Ilerdian. In the Tingri area, however, the 
marine history continued with the spreading of large-sized Nummilites, Assilina, and Astero-
cyclina until the time of the Lutetian. The northern fore-arc basin was filled up with fan-delta 
coarse clastic deposits (Liu & Einsele 1994). With increased tectonic activity in the Eocene, a 
foredeep evolved in the Gamba-Tingri area which form now the basin axis. The northern zone 
is uplifted, and the source for clastic deposits sedimented in the Gamba-Tingri area. The further 
southward progression of the active tectonic belt leds to uplift of the Tingri-Gamba area and 
terminates the marine sedimentation in the upper Lower Tertiary. 
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. 4. Cretaceous Facies Distribution and Microfacies-Types 
The sections Gamba and Tingri represent the facies history of the (northern) Indian Shelf, that 
is the passive continental margin of the sub-continent at that time drifting northwards. The sedi-
ments thus document an important era of the paleogeographic development at the southern 
margin of the Mesozoic Tethyan Ocean, namely the time from the beginning of the collision bet-
ween India and Eurasia until the complete closing of the Ocean between the uppermost Pal eo-
cene (Ilerdian) and the middle Eocene (Lutetian). After the collision of the two continents, the 
studied sequence of strata of a thickness up to 3500 ID were folded, partly imbricated, and 
lifted to the present level of 4500 m to 5500 m. 
The textural nomenclature of the investigated carbonate rocks follows mainly those from Dun-
ham (1962). Sometimes, the classification scheme of Folk (1959) permits a useful, more 
precise definition. 
4.1 Particles 
4.1.1 Biogens 
A short overview about the occurrence of the most important biogenic particles is given in the 
following. A very detailed review about the occurrence of biogenic particles in southern Tibet 
can be obtained from Willems (1993: 52ff). 
RADIOLARIANS 
Skeletons of radiolarians occur only very scarcely and are restricted to the pelagic deep-water 
(basin) facies of the Gamba Group during the Middle Cretaceous (siliceous mud- Iwacke-
stones, MF 1GT and 2 GT; uncertain in claystones). 
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Fig. 19: Schematic depositional environment model for the investigated stratigraphic sequences in the Gamba 
area, divided into eight facies zones (FZ) and further sub-zones characteristic of the Gamba area only. NWB = 
Normal wave base. SWB = Stomi wave base. Legend: See Fig. 30. 
CALCISPHERES 
According to the studies of Keupp (1981) and Willems (1985), the calcispherulids consisting 
of very heterogeneous form types and until recently considered problematic with regard to their 
systematic classification are comprised to a monophyletic unit and regarded as calcareous cyst 
stages of dinoflagellates. The studies leading to this result, however, were carried out on excel-
lently preserved objects isolated from the sediment. Such studies are not possible on the objects 
available here. Only the form types Pitlwnella sphaerica (PI. 3, Fig. 5) and Pithonella ovalis 
(PI. 3, Fig. 6) are remarkable because of the shape of their tests and the typical arrangement of 
the wall-forming crystallites can be clearly recognized. Their test sizes vary between 40 #m and 
120 #m. 
For the composition of the pelagic sediments of the Upper Cretaceous in Gamba (Gamba 
Group and Limestone I of the Zongshan Formation) and Tingri (Zongshan Formation, Zhepure 
Shanpo Formation), calcispheres play a dominant role. They occur by layers in nearly rock-
forming quantities (MF 5GT/6GT) and have a high diversity of morphological tests especially 
in the Santonian/Campanian of the Zongshan Formation. It strikes that the planktic foraminifera 
decrease to an equally remarkable degree in those layers, where calcispheres distinctly predomi- ' 
nate quantitatively. 
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FILAMENTS 
Filaments are very thin, oblong-curved (up to 2 mm) or shorter, straight shell fragments, 
which possibly originate from juvenile planktic or pseudo-planktic larval stages of pelecypods 
(Fltigel 1982: 350). In the case of a part of the primarily calcitic shells, a foliate microstructure 
has been preserved, but mainly they have been recrystallized into microgranular sparite. Fila-
ments sporadically occur as an admixture in pelagic mud-/wackestones of the Cenomanian until 
the lowermost Campanian (PI. 3, Fig. 1). Especially in Tingri, they may be enriched in densely 
packed micritic micro-Iumachelles of 2-3 mm thickness (PI. 1, Fig. 2); in these packstones, 
curved elements predominate. 
BIVALVES 
Bivalves occur in all studied lithological units, in siliciclastic as well as in carbonatic sediments. 
Sporadically, there are compact accumulations of shells on allochthonous deposits of the basin, 
for instance in form of tempestites (Willems 1993: pI. 1, fig . 5) or allodapic limestones 
(Willems 1993: pI. 2, fig. 1). For the formation of the sediment, some groups quantitatively 
play a more important role, with regard to paleoecology partly even a leading role. These first 
of all include rudists, which comprise hippuritids characterized by a massive calcite wall and 
radiolitids with the typical honeycomb pattern ("cellular-prismatic"). In the Maastrichtian of the 
Zongshan Formation (Limestones IIIIII) of Gamba, they built biostrome-like structures (Fig. 
38c). In older strata, mainly hippuritids took part in building these structures. In younger 
deposits, they are more and more replaced by radiolitids . . 
GASTROPODS 
Gastropods occur in nearly all sedimentary environments of shallow-water deposits, in the 
range of high-energetic ooid bars as well as in protected lagoons (Will ems 1993: pI. 11, fig. 
5). 
CEPHALOPODS 
Because of their scarce preservation, the organisms only play a minor role in the microfacial 
studies. The existence of this fossil group, however, is proved in older, mainly argillaceous 
deposits until including the Cenomanian/Turonian (Gamba Group) by the preservation of inter-
nal or external moulds, or by hollow forms in concretions. Belemnite rostra only sporadically 
occur in calcareous layers of the pelagic sediments of the Gamba Group. . 
OSTRACODS 
The thin-shelled tests are preserved either by one valve or two valves, sometimes filled with 
drusy calcite (Willems 1993: pI. 11, fig. 4). Their finely prismatic shells are mainly smooth, in 
some facies (especially MF 17G), however, the thin-sections reveal an external sculpturing. It 
is not possible to determine the form types in the thin-sections. Ostracods come up to an extra-
ordinarily high proportion (up to 5%) in the lagoonal arenaceous green algae facies (MF 17G) 
of Gamba, which occurs as a calcareous intercalation within the lidula Sands tones (Member 
11). 
ECI-llNODERMS 
Fragments of echinoderms occur in more or less large numbers in many MF types and in facies 
zones of the basin as well as of the carbonate platform (Willems 1993: pI. 2, fig. 2; pI. 7, fig. 
4). In layers, they are more frequent in MF 13G/14G and in the allochthonous deposits of MF 
8G (PI. 4, Fig. 3). In areas of ooid shoals, well reworked echinoderm fragments often served 
as nuclei of the ooids. Preserved complete bodies of echinoids are very seldom. 
The occurrence of echinoderm remainders is always an indicator of normal marine depositional 
environments. In pelagic marls and calcareous marls from the Upper Albian to the Campanian 
(MF 5GT and 7GT), free-swimming crinoids of the Saccocoma type sporadically occur to-
gether with other planktic organisms. 
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BRYOZOANS AND BRACI-llOPODS 
These sessile organisms on the whole only play a minor role. They are found as fragments in 
some facies types of normal marine environments. The distribution of fragments of bryozoans 
is to some extent restricted to platform carbonates. Main fields of their distribution are facies 
types of higher-energetic barriers near the platform edge (FZ SA), e.g. the ooid facies in the 
Lower Tertiary of Gamba (MF 26G, Willems 1993: pI. 18, fig . 1) and Tingri (MF 28T; 
Willems 1993: pI. 18, figs. 5-6) and the shoals of adjacent open marine platform areas (MF 
18T, Willems 1993: pI. 11, fig. 6). On the ooid barriers, finely reworked bryozoan fragments 
often served as nuclei for the formation of ooids. . 
Brachiopods occur in shallow-water limestones rich in fossils as well as in the marlstones of 
deeper waters generally having fewer fossils. The original shell material is often substituted by 
neomorphic calcite, this making the differentiation from the bivalves more difficult. 
CORALS 
Fragments or completely preserved examples of solitary or colonial scleractinian corals are 
essentially concentrated on the Member "Rhodolite" in the Maastrichtian of Gamba (MF 16G) 
and on the coral-rhodolite facies in the Paleocene of Tingri (MF 19T/20T). But sporadically 
.solitary forms also occur in other shallow-water facies (MF 14G, 21GT, 26G, and 33T). Reef-
like complexes mainly built of corals were not formed in any case. Corals often served as hard 
settling substrates for corallinacean algae and for the squamariaceae Ethelia alba and thus often 
formed the nuclei of rhodoids, especially in the Montian of Tingri (Willems 1993: pI. 13, 
figs. 1-3, 6). 
SPONGES 
Sponges only play a very minor role in the studied shallow-water sediments. Occasionally, cal-
cified demospongea occur within the Member "Rhodolite" (MF 16G) of Gamba, which partly 
are still in situ, but mostly exist as fragments. Well preserved hexactinellids are sporadicall y 
found in Tingri within the low-energetic (deeper) subtidal carbonates of the open sea shelf (FZ 
3), which are predominated by alveolinids, or of the open. marine platform (FZ 6; MF 24GT). 
FORAMlNIFERA 
With most various groups, foraminifera take an essential part in the biofacial formation of the 
carbonate deposits and mostly are of great importance for the biostratigraphy of the studied sec-
tions. Except in the euxinic basin facies (FZ 1B), they occur in all depositional environments in 
more or less large numbers, partly they occur in rock-forming frequency. Their systematic allo-
cation is essentially based on the systematics of the "Treatise on Invertebrate Paleontology, 
Protista 2" (1964) and Loeblich & Tappan (1988). 
a.) Planktic Foraminifera 
For the interpretation of the sedimentation processes, especially, however, for the biostrati-
graphic determination of the studied sequences, planktic foraminifera play an outstanding role 
in the pelagic development of the Cretaceous deposits. The zoning of planktic foraminifera as 
found in the sections to a large extent coincides with the international standard zoning (chap. 
2). 
A remarkable feature of the distribution of planktic foraminifera especially during the Santon-
ian/Campanian is the interplay with the occurrence of calcispheres. The existence of both 
groups of organisms seem to exclude one another to a certain degree. In layers that are essen-
tially predominated by calcispheres, planktic foraminifera clearly recede and vice versa. This 
interplay is often also combined with the increase of detrital quartz influx into the strata pre-
dominated by calcispheres (PI. 3, Fig. 7). 
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b.) Benthic Foraminifera 
Textulariacea EHRENBERO 1838 
Representatives of this family only occur relatively seldom and in various depositional environ-
ments, more frequent, however, - together with nodosariids - in sediments of the continental 
slope and basin facies (e.g., MF 20T, 4T, and 32T; Willems 1993: pI. 2, fig. 5). 
Vemeuilinidae CUSHMAN 1911 
The agglutinated tests are trochospiral with mainly triserially arranged chambers, at least in case 
of the first chamber spirals; later they may be irregularly biserial or uniseriaI. A remarkable fea-
ture are the very often triangular test cross sections to be seen in the thin-section. They are to be 
found in the Campanian/Maastrichtian of Oamba in open marine deposits (MF 80; PI. 4, Fig. 
3), sporadically in lagoonal sediments (MF 170) as well. 
Miliolidae EHRENBERO 1839 
Oenera of this family also occur in various depositional environments, but are mainly spread in 
various platform areas (FZ SA, 6A, and 7B), where they may locally occur in large numbers. 
There, they occur in higher-energetic, well-winno,wed shoals and shallow subtidal platform 
areas (MF 31T), less often in deeper subtidal zones of the open marine platform (e.g. MF 
210T/220T). A dominating role is played by the small-sized forms in partly restricted lagoonal 
zones (FZ 7B; MF 29T and 30T). 
Nodosariidae EHRENBERO 1838 
A family of foraminifera with clear chambers and with hyaline shell which appears yellowish in 
transmitted light. The forms may occur at various times and in various depositional areas of 
normal marine salinity. Main distribution areas are pelagic deposits of the basin and of the open 
sea shelf and shelf margin (MF 30T, SOT) and of the continental slope (MF 80, 32T, and 
33T), but also within higher-energetic (intertidal) shallow-water zones (e.g. MF 31T). In 
deeper water areas they are often associated with Textulariids. 
They are multilocular, uniserial, partly slightly arcuate to rectilinear forms of the genera Nodo-
saria, Dentalina, Frondicularia, with overlapping chambers, and of the unilocular Lagena, 
furthermore relatively often of the lenticular planispiral involute form Lenticulina (PI. 4, Fig. 
9). 
Soritidae EHRENBERO 1839 
Representatives of this family of porcelaneous foraminifera are restricted to the Lower Tertiary 
with three genera. In the Paleocene (Montian) this is the genus Keramosphaera (Willems 1993: 
pI. 14, fig. 3), which in Tingri is associated with Sphaerogypsina globulus. 
During the Ilerdian, the genera Opertorbitolites and Orbitolites occur, associated with Alveo-
lina, during the Cuisian with Nummulites as well (Willems 1993: pI. 16, figs. 4-5; pI. 17, 
fig. 6). The evolute lenticular tests are very flat and reach diameters of up to 3 cm; they are built 
of concentrically arranged circular chambers, which are subdivided into numerous small cham-
berlets. 
Recent soritids preferably settle epibiontically in more protected sedimentary environments on 
sea grass (Hottinger 1973: 444) . Forms of the Early Tertiary preferably exist in restricted zones 
of the carbonate platform. 
Alveolinidae EHRENBERG 1839 
This family is exclusively represented by the genus Alveolina, with a relatively great diversity 
of species being an important index fossil for the biostratigraphic zonation of the Upper Paleo-
cene to Eocene: in the Ilerdian together with Opertorbitolites and Orbitolites, in the Cuisian to-
gether with Nummulites, Discocyclina and Orbiloliles (Willems 1993: pI. 16, figs. 4-5; pI. 
17, fig. 3) . 
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Rotaliidae EHRENBERG 1839 
Rotaliid foraminifera occur in more or less large numbers in various facies types of the open 
marine platform during the Maastrichtian and the Lower Tertiary. In deposits of the Maastrich-
tian, they are only spread to a limited degree and individual (small) specimens occur mostly 
within relatively high-energetic deposits (MF 9G and lOG; PI. 4, Figs. 5-6). They do, how-
ever, play a dominating role with regard to quantity and diversity in strata of the Paleocene 
(Montian and Thanetian), where they by layers may occur in rock-forming quantities 
(MF22GT). 
Calcarinidae SCHW AGER 1876 
The only calcarinid foraminifera to be proved until now is Siderolites calcitrapoides. Only a 
small number of this species occurs poorly preserved between Banks 15 and 16 in the upper 
part of the Zhepure Shanpo Formation in the Tingri area. 
Nummulitacea DE BLAINVILLE 1827 
With several genera and a high diversity of species, these foraminifera play a predominant role 
in the production of the shelf carbonates of the Lower Tertiary. They are of special importance 
for the biostratigraphic zonation of the Zongpu Formation in Gamba and the Zhepure Shan For-
mation in Tingri as well. 
These larger foraminifers (MF 23GT) were widely spread during the Upper Paleocene 
(Thanetian and Ilerdian) . At first these were the genera Miscellanea (Willems 1993: pI. 15, 
figs. 2,3, 5; pI. 16, fig. 2) with the species M. miscella, Ranikothalia (Willems 1993: pI. 15, 
figs. 2-5; pI. 16, fig. 1), and Operculina (Willems 1993: pI. 16, fig. 2). 
Beginning with the Ilerdian, at first very small-sized (1 mm diameter) forms of the genus Num-
mulites occur in Gamba as well as in Tingri (MF 24GT) in an assemblage with Alveolina and 
Orbitolites. Large-sized (1 cm diameter) Nummulites occur within the deposits of the Cuisian 
and Lutetian, which are only exposed in the top part of the Zhepure Shan Formation in Tingri 
(MF 2ST; Willems 1993: pI. 17, figs . 3-6) . At the top of this sequence, they are in addition 
accompanied by Assilina, Discocyclina, and Asterocyclina. 
In the upper layers of the Zhepure Shan Formation in Tingri, the genus Asterocyclina occurs 
as a characteristic representative of the Middle/Upper Eocene, thus allowing the determination 
of the end of the marine sedimentation history in this section area of the Lutetian. 
Discocyclinidae GALLOWAY 1928 
Essential representatives of this family belong to the genus Discocyclina (Willems 1993: pI. 
15, fig. 2-5; pI. 16, fig. 1, 2). In the Thanetian, Ilerdian, and Cuisian, Discocyclina is spread 
to different extents in single layers depending on the area, and occurs more frequently 
especially in micrite-rich floatstones of MF 23GT (Thanetian), less frequently in the MF 24GT 
and 25 GT (especially Ilerdian) . In associations with the nummulitid foraminifers Miscellanea, 
Ranikothalia, and Operculina, they were inhabitants of the open marine sea shelf. 
Acervulinidae SCHULTZE 1854 
Within this family, the larger foraminifera Sphaerogypsina globulus is classified (Willems 
1993: pI. 14, fig. 4), which lived in normal marine environments of the open marine platform 
(FZ 6A). It occurs in the area of Tingri exclusively in relatively well-winnowed packs tones to 
grains tones of the Zhepure Shan Formation (MF 22GT). 
Orbitoidacea SCHW AGER 1876 
Foraminifera of the genera Orbitoides and Omphalocyclus occur in large amounts in the Maas-
trichtian of the Zongshan Formation (Limestones IIIIll) in Gamba (Willems 1993: pI. 5, fig. 1; 
pI. 7, fig. 1). The forms found only allow a restricted biostratigraphic division of the upper-
most Cretaceous, because there are not very many species and there is an exposure gap in the 
sequence at the Campanian/Maastrichtian boundary that would be interesting for the phylogen-
etic development of the group. The strati graphic distribution of this group is shown in Fig. 5. 
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For its habitat, the genus Orbitoides preferred higher-energetic, mostly well-winnowed shal-
low-water environments (FZ 5A) without siliciclastic influx (MF 100). In contrast to this, 
Omphalocyclus preferably spread in zones of the open marine platform (FZ 6A) with a stronger 
lime mud sedimentation, which at times could also be exposed to considerable terrigenous in-
flux (FZ 6B; MF 130 and 140; Willems 1993: pI. 7, fig. 1). 
Osangulariidae LOEBLICH & TAPPAN 1964 
This family comprises the foraminiferal genus Goupillaudina. It is restricted to the Campanian 
in Oamba and only occurs in layers of a few decimeters thickness within the Calcareous Marls 
I (Bank 13; Fig. 39) of the Zongshan Formation in the Oamba area. These are pelagic sedi-
ments of the open sea shelf (FZ 3), which are essentially predominated by calcispheres more 
than by planktic foraminifera. In the section TUna, SE of Oamba, species of the genus Goupil-
Iaudina are very common in Upper Maastrichtian floats tones and wackestones. 
CALCAREOUSALOAE 
Calcareous algae play an important role in the formation of shallow-water limestones in the 
Maastrichtian of Oamba as well as in the Paleocene of Tingri, sometimes their role dominates 
over that of other organisms. There are various genera of the Rhodophyceae and Chloro-
phyceae, which can only exist in a marine environment. In addition, there are three problematic 
organisms "incertae sedis", which assumedly are calcareous algae as well. 
Corallinaceae (LAMOUROUX) HARVEY 1849 
The two sub-families Melobesieae and Corallineae with several genera represent this family in 
the shallow-water limestones of the Maastrichtian of Oamba (Zongshan Formation: Member 
"Rhodolite") and of the Paleocene of Tingri, individual species also occurring in the Eocene of 
Tingri (Zhepure Shan Formation) . Crustose red algae play an absolutely dominating role here 
as against articulated ones, of which only a few species exist in the Lower Tertiary. 
Melobesieae: The major part of this sub-family consists of crustose species of various growth 
fabrics and sizes. They are the main components of the rhodolite facies in Oamba (MF 160) 
and in Tingri (MF 20T). A detailed description of the morphology and paleoecology of the 
occurring genera Archaeolithothamnium, Lithothamnium, Lithophyllum, Lithoporella, and 
Distichoplax can be obtained from Willems (1993: 63f; pI. 9, figs. 1-3, pI. 10, figs. 1-2, pI. 
16, figs. 5-6; this guide-book, PI. 5, Figs. 4-5). 
Coral lineae: This sub-family which is exclusively characterized by branching growth forms, is 
not widely spread and is represented by two genera in layers of the Lower Tertiary. Various 
preserved forms of their thalli which are grown in relatively regular dimensions are found in dif-
ferent areas of the open marine platform (FZ 6). There they occur in zones of slight water agita-
tions (MF 20T) as well as in zones of stronger particle redeposition (MF 260). According to 
Wray (1977) they have their habitat in warm to temperate, protected environments at water 
depths down to 10 m. A detailed description of the morphology and paleoecology of the occur-
ring genera Amphiroa and Jania can be obtained from Willems (1993: 64). 
Squamariacaea 
The distribution pattern of the encrusting squamariacean algae is restricted to the Member 
"Rhodolite" (MF 160) of the Upper Maastrichtian of Oamba and to the Paleocene (Montian) of 
Tingri (MF 20T). Especially in Tingri, they play a d~cisive role in the creation of the rhodoids. 
The thalli forming nodular masses with mostly only a few layers - in one case with 35 layers, 
however- have concentrically-Iaminarly overgrown the frameworks of corals or shells of other 
organisms. The species Ethelia alba is the most common form. See Will ems (1993: 64, pI. 
10, fig. 3, pI. 13, figs. 1-6) for a detailed description. 
Solenoporaceae PIA 1927 
Solenoporaceans are restricted to the Maastrichtian and the Paleocene and took part in the forma-
tion of the rhodolite facies in the area of Oamba (Member "Rhodolite" of the Zongshan Forma-
tion; MF 160) as well as in the area of Tingri (Members 1111 of the Zhepure Shan Formation; 
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MF 20T). In the Maastrichtian, these were especially the genera Solenopora and Parachaefefes. 
They form solitary, very regularly built hemispherical nodules as well as nuclei of rhodoids 
overgrown by corallinacean or squamariacean algae. Solenoporaceans generally consist of 
closely arranged tubes (filaments) having horizontal tabulae separating the cells in the cell 
threads at irregular intervals. A detailed qescription of the morphology and paleoecology of the 
occurring genera Solenopora and Parachaefefes can be obtained from Will ems (1993: 64f, pI. 
10, fig. 2). 
Udoteaceae FELDMAN 1946 
This green algae family, which has been revised by Bassoulet et aI. (1983), is spread in shal-
low-water carbonates of the Maastrichtian and Paleocene. Especially in areas of rather restricted 
lagoonal depositional (nearshore) environments sometimes also affected by detrital quartz 
input, it is more widely spread at times -- most of all in competition with dasycladacean algae. 
This applies especially to the genus Ovulites. According to Elf-Aquitaine (1977: 24) udotea-
ceans preferably settled in shallow subtidal zones of the inner platform (low-energetic back-
reef; corresponding here with FZ 6A/6B). A detailed description of the morphology and pal eo-
ecology of the occurring genera Ovulites and Halimeda can be obtained from W illems (1993: 
66; pI. 7, fig. 5; pI. 11, figs. 1-6; pI. 12, fig. 1; pI. 14, figs. 1-2; pI. 18, fig. 5). 
Dasycladaceae KOTzINO 1843 
Owing to their diversity and their occurrence in large quantities during certain periods, dasy-
cladacean algae play an extraordinary role within the investigated shallow-water carbonates. 
They are restricted mainly to the Maastrichtian of Oamba (MF 140, 170, and 210; PI. 5, Fig. 
1) and the Paleocene of Tingri (MF 19T and 210T; Willems 1993: pI. 12, figs. 4-7). A 
detailed description of the morphology and paleoecology of the occurring genera Actinoporelia, 
Cymopolia, Dissocladella, Furcoporeila, Indopolia, Griphoporella, Neomeris, Salpingo-
poreila, and Trinocladus can be obtained from Willems (1993: 66f; pI. 11, fig. 1; pI. 12, fig. 
5; pL14, figs. 2-3; this guide-book: PI. 5, Figs. 1-2). 
Acetabulariaceae (ENDLICHER) HAUCK 1885 
According to a classification proposed by Deloffre (1988: 179) in order to homogenise the 
taxonomy of dasycladacean algae two genera-of green algae from the investigated samples 
belong to the Family Acetabulariaceae. Referring to their depositional environment these algae 
are distributed to different slightly agitated shallow-water zones of the open marine platform 
(FZ 6), normally without terrigenous material input. Especially on the shallow subtidal carbo-
nate platform they often correspond to the distribution pattern of associated dasycladacean 
algae. The two genera Acicularia and Clypeina are described in Willems (1993: 68, pI. 11, 
fig. 6, pI. 13, fig. 1). 
MlCROPROBLEMA TICA (Incertae sedis) 
In the shallow-wate{ sediments, especially in the sediments of the Maastrichtian and Paleocene 
characterized by the frame-building and encrusting organisms (rhodophyceans, corals), micro-
organisms of uncertain or controversial systematic position sometimes occur: Lithocodium, 
Marinella, and Solenomeris. All these microproblematica are described in Willems (1993: 68; 
pI. 10, fig. 1; pI. 12, fig . 5; pI. 13, fig . 6) and their paleoecological significance is discussed 
there. 
4.1.2 Peloids 
If the studied material allows at all a differentiation of the circular or elli ptical peloids on a struc-
tural and microfacial basis (e.g. component associations), these are to an essential part baha-
mite peloids. These micritic, subrounded particles were formed in the course of the diagenesis 
by the complete micritisation of the well-rounded biogen fragments (Bathurst 1975: 389) of dif-
ferent origin and are mainly encountered in more well~winnowed facies types (grainstones) of 
shallow high-energetic environments (e.g. MF 31T; Willems 1993: pI. 20, fig. 5). There, baha-
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mite peloids occur especially often in connection with coated grains. 
Paleobathymetric statements with the aid of these particles generally are very limited, because 
in the studied material, they may be observed in a series of genetically most different facies 
types and depositional environments. They are quantitatively more spread in diverse platform 
areas, especially in higher-energetic shoals of the platform edge (FZ 5A). But they also often 
occur in restricted lagoons (FZ 7A), there for instance in connection with small-sized miliolids 
(MF 30T; ibid, pI. 20, fig. 2). For further discussion see Willems (1993: 68f). 
4.1.3 Aggregate Grains 
With regard to quantity, aggregate grains only play a minor role in the studied sections. They 
are restricted to three differently formed MF types, MF 30T being predominant (about 95 % of 
all aggregate grains observed): 
(1) In MF 30T (Aggregate Grain-/Packstone with Miliolids; Willems 1993: pI. 19, fig. 8; pI. 
20, fig. 1), they occur beside miliolids and dasycladaceans as a predominant carbonate 
particle. They reach variable sizes (maximum 2 mm) and consist of peloids and various, 
partly micritised fragments of biogenous origin mainly secondarily cemented by micrite, 
to a lesser degree also by microsparite and sparite. These in most cases are lumps. 
(2) In MF 28T (Ooid Grainstone; ibid., pI. 18, fig. 6), they only play a minor role; they are 
mostly about 1 mm large and composed of micritically cemented ooids and fewer bio-
clasts (lumps). 
(3) Sparitically cemented grapestones could only sporadically be proved in MF 13G (Ompha-
locyclus Roatstone with Udoteacean Algae; ibid., pI. 7, fig. 2) . 
For further discussion see Willems (1993: 69). 
4.1.4 Rhodoids 
Rhodoids are algal oncoids (Bosellini & Ginsburg 1971), which essentially are formed by red 
algae of the Family Corallinaceae, but in the specimens studied here to a special degree by crus-
tose squamariacean algae as well. With the rhodolite occurrences in the Upper Maastrichtian of 
Gamba (Member "Rhodolite" of the Zongshan Formation) and in the Paleocene (Montian) of 
Tingri (Members IIII of the Zhepure Shan Formation), fundamental differences with regard to 
the growth forms as well as with regard to the red algae associations can be observed, in a 
special way, however, in the diagenetic processes. 
In Gamba, a continuous change takes place, of the form types at first growing ramose in the 
lower layers, which are mainly formed by Lithothamnium and LithophyUum (PI. 5, Figs. 4-
5). In younger layers of the section, they are increasingly connected with globular thick-
branched types, which were mainly built by Archaeolithothamnium and often laminarly over-
crusted by Lithothamnium. In the most youngest layers of the red algae sequence (Fig. 42), 
these forms, too, are replaced by globular-Iaminar types (Will ems 1993: pI. 9, figs. 1,3). In 
parallel with this, there is a change in the red algae forming rhodoids from corallinacean algae 
to the squamariacean Ethelia alba. Solenoporaceans of the genus Solenopora (ibid., pI. 10, 
fig. 1) also occur preferably in the younger layers of the rhodolite facies. 
For a further discussion concerning morphology and ecology see Willems (1993: 69f). 
4.1.5 Ooids 
In the formation of sediments in the southern Tethys Himalaya, ooids play a secondary role 
with regard to quantity, a more important one, however, with regard to the interpretation of the 
sedimentary environment. Generally, we may distinguish between two ooid types with dif-
ferent microstructures, which also characterize different depositional environments: Ooids with 
tangential structures in the Paleocene (Danian? I Montian) of Tingri (MF 28T, to some degree 
22GT as well) and such with radial structures in the Upper Paleocene (Ilerdian) of Gamba (MF 
26G/27G). The structure of the ooids and the resulting conclusions about the environment of 
their formation was discussed in Willems (1993: 70). 
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4.1.6 Coated Grains 
The by far most favourable substrate for the formation of coated grains ("cortoids") is given by 
originally aragonitic fragments of mollusks and calcareous algae (especially udoteaceans; 
Willems 1993: pI. 11, fig. 5; pI. 12, figs. 1-2). Primarily calcitic bioclasts (e.g. of rhodo-
phyceans), however, are normally less intensively encrusted. A more distinct coated grain 
formation is exhibited by the shell fragments of rudists mostly consisting of low-Mg-calcite, 
especially of hippuritids (PI. 4, Fig. 8). The same applies to the shells e.g. of inoceramids 
(ibid., pI. 5, fig. 1), in some facies types to orbitoids (PI. 4, Figs. 7-8), echinoderms (ibid., 
pI. 7, fig. 2) or lithoclasts (PI. 4, Fig. 6) as well. The genesis of the group and various aspects 
of their paleoenvironment were discussed in Willems (1993: 71). 
4.1. 7 Lithoclasts 
The term lithoclast as interpreted by Folk (1962) is to be understood as superimposed term for 
all erosional sediment particles, i.e. as well for intraclasts as for extraclasts. In the studied sedi-
ments, lithoclasts are generally widely spread and occur in the most different MF types in 
varyingly large quantities, intraclasts quantitatively playing a clearly more important role than 
extraclasts. This component category, however, cannot be used as a critical indicator with 
regard to the interpretation of depositional environments, even with certain main distribution 
patterns being recognized in certain facies zones. 
Thus, intraclasts play a role especially within the relatively turbulent limestones generated 
above the normal wave base (PI. 4, Fig. 6; Willems 1993: pI. 5, fig. 1; pI. 20, figs. 3-4). They 
exhibit irregular forms, often have sharp-edged contours, are mainly micritic, partly recrys-
tallized, and are mostly about 1 mm large (max. 3 mm). The micrite intraclasts deposited within 
temporally enclosed intra-platform areas (lagoons) preferably exhibit selective dolomitizations 
(ibid., pI. 12, fig. 2). 
In the studied sections, typical extraclasts occur as 3-6 mm (max. 1 cm) large components 
which have regular (pebbles; ibid., pI. 20, fig. 6) as well as irregular contours and are poorly 
assorted (PI. 5, Fig. 2) in various facies types, but especially in turbiditic slide masses 
(Willems 1993: pI. 20, figs. 7-8) of the Upper Maastrichtian and Lower Paleocene of Tingri 
(Zhepure Shanpo Formation; MF 32T/33T). These are fragments of shallow-water limestones 
(ibid., pI. 21, figs. 1-4) rich in biogens (Orbitoides, Omphalocyclus, rhodophyceans, rudists) 
that were resedimented in the proximal zone of a continental slope (FZ 4) and together with 
siliciclastic material there intermixed with the hemipelagic normal facies (partial intraclasts as 
well). On the whole, in the formation of platform carbonates extraclasts only play a minor role. 
A special category of lithoclasts is to be observed in the Limestones 11 and 11 of the Zongshan 
Formation of Gamba (MF lOG; PI. 4, Figs. 6-8) . These are mostly homogenous micrite 
particles up to 2 mm large, the origin of which may often be traced back directly or indirectly to 
former organisms through relictically preserved biogenous internal structures or through sharp 
contours of former biota tests. The organisms mainly are fragments of orbitoid foraminifera 
and echinoderms, partly of inoceramids. In other cases, these are the micritic fillings of former 
intrabiogenous cavities (e.g., PI. 4, Fig. 9) within shells - mostly of primarily aragonitic 
mineralogy - dissolved in the process of freshwater diagenesis. These components in the 
following referred to as pseudo-lithoclasts were generated by far-advanced but mostly complete 
centripetally proceeding destructive micritisation. 
An illustrating example for this kind of formation of lithoclasts is to be seen in MF 24GT 
(Willems 1993: pI. 17, fig. 2). Here, the external chamber coils of the tests of alveolinids have 
to a large extent been destroyed and thus are disintegrated for the most part. These disintegra-
tion products exist in the form of relatively small micrite lithoclasts distributed in the sediment. 
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4.1.8 Terrigenous Particles 
Terrigenous erosional products as indicators for the proximity of exposed land areas occur in 
the form of exclusively siliciclastic deposits (clay-, silt-, sands tones) as well as in the form of 
detrital admixtures within calcareous sediments. The resedimented minerals are quartz, feld-
spar, clay minerals, and heavy minerals. No detailed petrographical studies were done up to 
now on these minerals. 
In the area of Gamba, large quantities of detrital quartz occur in the sandstones of the lidula 
Formation at the Cretaceous/Tertiary boundary (Willems 1993: pI. 7, fig. 6) deposited in near-
shore barriers of FZ 7A as well as in the exclusively clastic sediments of the euxinic basin 
(FZ 1B) of the Neocomian to Albian Dongshan Formation and Gamba Group (ibid.: pI. 1, 
figs. 2-5). In Tingri, the quartzes were widely distributed in the mixed carbonatic-siliciclastic 
turbidites of the Zhepure Shanpo Formation and in the deltaic lidula Formation (ibid.: pI. 21, 
figs. 1,2,6; this guide book: PI. 3 , Fig. 8) of the Middle Maastrichtian to Lower Paleocene. 
They are interbedded sporadically in varying quantities as detritic admixtures or thin intercala-
tions in various pelagic/hemipelagic sediments and in some shallow-water carbonates (Willems 
1993: pI. 5, figs . 2-3; pI. 7, figs. 4-5; pI. 11, figs. 2-3; this guide-book: PI. 3, Figs. 7, 9). 
During most of the time of their existence, however, the carbonate platforms of Gamba and 
Tingri were not influenced by terrigenous influx to a large extent. During those times, calca-
reous algae (MF 15G/16G and 18T - 20T) or larger foraminifers (MF 22GT - 2ST) were more 
widely spread. 
The grain-sizes are defined as silt to coarse sand fraction for the pure sandstones, whereas they 
sporadically reach medium gravel fraction within the lidula Formation. Especially within the 
turbidites of the Zhepure Shanpo Formation, numerous fining-upward cycles were recognized. 
The grains in these sands tones mainly are well to very well rounded, but moderately or poorly 
sorted. The clayey-silty basin sediments, however, exhibit mostly a very good sorting of the 
grairis with a generally poor rounding. 
4.2 Cementation and Diagenesis 
This chapter is only a short summary from Willems (1993: 73-78) . The studied sediments 
show repeated changes of various cement formation processes and carbonate diagenesis. The 
major part of the sediments was lithified under the influence of active marine-phreatic dia-
genesis. With increasing subsidence, the influence of connate burial diagenesis in the less solid-
ly cemented sediment layers led to phenomena of pressure solution and compaction. Pheno-
mena of freshwater phreatic, in some cases vadose diagenesis are less important with regard to 
frequency. These more complex diagenetic features, which are characterized by selective solu-
tion and subsequent cementation, are observed especially in those facies types formed in the dif-
ferent, partly intertidal and/or supratidal waters. There is no evidence of examples for dia-
genetic processes within the mixing zone between marine phreatic and freshwater phreatic 
environment, because they possibly are very rarely (traceable) developed in nature. Minor parts 
of the Zongshan Formation in Gamba and of the Zhepure Shan Formation in Tingri were selec-
tively dolomitized. 
During Marine Phreatic Diagenesis, for a great part of the facies types, the micritic calcite 
matrix is an essential characteristic. It is widely spread in pelagic marlstones as well as in low-
energy shallow-water limestones with larger foraminifers, and in calcareous algae limestones. 
The micrite exists in form of thin rims (20-40 ytm) on particles as well as in form of a matrix 
filling out the entire intergranular pore space. Rims of Mg-calcitic micrite cement can be recog-
nized still especially well in sparitic-cemented limestones. 
In mainly sparitic-cemented bioclastic grainstones, sometimes two sparite cement generations A 
and B occur. Cement A consists of a uniformly isopachous fibrous cement rim of 100 ytm 
(max. 150 ytm) thickness (Willems 1993: pI. 18, fig. 5; pI. 20, fig. 4). In the case of the late 
diagenetic overprint not being too strong, the cement coating nearly all sediment particles 
shows remainders of its radial-fibrous texture. The densely arranged scalenohedron calcite crys-
tals (length: SO-80 ytm, max. 150 ytm, width: 5-10 ytm) are parallel growing normal to the par-
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ticles or cross each other. 
The studied calcareous sediments exhibit hints of freshwater phreatic diagenesis espe- . 
cially in the sparitic-cemented shallow-water limestones with a grain-/rudstone texture. The dis-
solution during freshwater diagenesis may also have affected larger portions of micritic sedi-
ment in the surroundings of these moulds. This led to the formation of vuggy porosity, the 
large cavities now filled with sparite (Willems 1993: pI. 14, fig. 5). 
Equally under the effect of freshwater phreatic diagenesis a high portion of microsparite was 
formed (Willems 1993: pI. 16, figs. 5-6). The formation of microsparite can especially often be 
observed in burrows (PI. 3, Fig. 2), which may be due to a better circulation of freshwater. 
Due to advancing accretive crystallisation, the process of microsparite formation may finally 
lead to the formation of pseudosparite, as this is developed in a typical manner in the sediments 
of the MF 22GT and 24GT dominated by larger foraminifers or in the ooid facies (Willems 
1993: pI. 14, fig. 4; pI. 18, figs. 1-2). 
Indications of differentiated vadose diagenesis processes, which clearly give information 
about the uplift of a depositional environment into supratidal (subaerial) zones, can be proved 
in thin layers in Gamba (Zongshan Formation: Limestones IIIIII) as well as in Tingri (Zhepure 
Shan Formation: Members 1111). 
Vadose-formed vuggy pores occur in Gamba within the rudist biostromes formed on tempo-
rary subaerial exposed shoals of the platform margin (FZ SA; MF 12G) and within the well-
winnowed Orbitoides grains tones (MF lOG). The solution cavities may reach various dimen-
sions. Thus, a solution in the case of MF 12G, which was probably increased by paleosol 
formation, led to the dissolution of entire rudist tests and to karstification (Fig. 38), the cavities 
partly were filled again with fine-grained sandstone first during a new transgression. 
Indications as to a diagenesis caused by deep burial are especially established in the 
nodularly textured limestones of the Zongpu Formation of Gamba (Members 111111) and of the 
Zhepure Shan Formation of Tingri (Member IV). Comparable compaction fabrics may also be 
formed under the influence of solutions in the freshwater vadose zone, which, however, does 
not apply to the cases discussed below. Mechanical compaction led to the alignment of compo-
nents parallel or subparallel to bedding structures as well as to plastic deformation (flattening) 
and/or brittle fragmentation of biogenic hard parts. 
A special genetic problem is posed by the formation of the nodular limestones of MF 23GT 
(Willems 1993: pI. 15, figs. 4-5; pI. 16, fig. 1). When evaluating the question in how far these 
nodular limestones are a diagenetically formed secondary fabric or synsedimentarily redepo-
sited pebbles, or possibly slide masses, the following features are of importance: the species 
assemblage of the organisms within the nodules is identical with that of the surrounding sedi-
ment; the nodules are distributed laterally over wide distances in very regular thick beds; the 
strata series exhibits no textural characteristics of sedimentary redepositions, as e.g. channel 
casts, slump marks; inflows of exotic (polymict) pebbles are missing. 
The majority of the features indicates that the formation of these nodular limestone is of diagen-
etic origin and as the product of connate burial diagenesis is due to a combination of mechanical 
compaction and pressure solution. They are genetically comparable to the flaser structures as 
described by Garrison & Kennedy (1977: 107) from the white chalk of southern England. 
Pure dolomites or dolomitized limestones only play a very minor role with regard to 
their distribution in the studied sediments. Relatively extensive dolomitizations are essentially 
restricted to Member I of the Zhepure Shan Formation in the area of Tingri. There, they led to a 
partly complete secondary replacement of the primarily calcareous sediments by a dolosparite, 
which mainly exhibits an homogranular fabric of subhedral to anhedral crystals. Original 
carbonate particles and sedimentary structures have hardly been preserved in these layers. 
With regard to genesis, special importance falls to the authigenically generated idiomor-
phous quartzes, which can be recognized through their characteristic cross sections and their 
mostly bipyramidal habitus. They occur in the ooid-carrying MF 27G in the Ilerdian of Gamba; 
and that nearly exclusively in the nuclei of the radially structured quiet-water ooids. The'strati-
graphic distribution of these quartzes correlates with the end of he marine sedimentary history 
in Gamba, which is expressed lithofacially with the deposition of greenish-grey and reddish 
marl- and claystones of the Zongpubei Formation being poor in or free of fossils. In the lower 
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part of these sediments deposited in cut-off lagoons and coastal ponds, the ooid grainstones are 
sporadically intercalated as layers of 15-20 cm thickness. 
The yellowish-green to brownish-green K-Fe-hydroxide alumino-silicate mineral glauconite 
is an indicator for exclusively marine environments between 10 and 500 m water depth (Burst 
1958, Porrenga 1976). In the studied sections, glauconite and to a lesser degree chamosite as 
well occur in larger quantities at two different places of occurrence, either of which also exhi-
biting a different genesis. 
In Gamba, the minerals occur within the siliciclastic deposits of the Aptian and Albian Gamba 
Group in the form of glauconite sands. The moderately to well rounded silt to medium sand-
sized grains are considerably concentrated in 2 mm thin layers as well as in partly graded bed-
ded layers of up to 5 cm thickness. As a result of the oxidation of the Fe2+ incorporated in the 
glauconite, the grains often are replaced by limonite at their outer margin, at times even com-
pletely. 
Two different forms of silicification processes may be observed in the studied strata 
senes: 
1. Chert Nodules (Willems 1993: pI. 1, fig. 1) 
Diagenetically generated siliceous nodules (cherts) sporadically occur in the black clay- and silt-
stones of the Dongshan Formation and the lower Gamba Group. The most important source of 
the Si02 dissolved in sea water, are processes of chemical weathering on the continents. In 
euxinic basins, as this is also assumed for the Neocomian to Albian Gamba area, nodular and 
lenticular cherts often occur within black clay- and siltstone series. 
2. Silicification (ibid., pI. 12, fig. 3) 
In the udoteacean algae facies of Tingri (MF 18T) a very small part of the biota as well as of the 
allochems has been completely or only selectively replaced by silicic acid. This process prefer-
red especially certain (biogenous) particles not to be identified any more as well as the micrite 
rims of cortoids, an observation already described by Wilson (1966). Intraclasts and the partly 
existing micrite matrix were not affected by the silicification in any case. 
4.3 Description of the MF Types of Gamba and Tingri 
In the following pages, all microfacies (MF) types are described, which were found within the 
microfacially studied sequences from Upper Albian to Middle Eocene of Gamba and Tingri. 
They are distinguished according to the composition of characteristic biota associations, grain-
sizes, sorting, and textures as the expression of the water turbulences predominant in the 
former sedimentary environments. 
There are 35 MF types on the whole, 13 each of which are exclusively restricted to the investi-
gated areas of Gamba or Tingri respectively. They prove the sedimentary history in the two 
areas to have been relatively independent during certain times. 9 MF types show microfacial fea-
tures convergent in the Gamba and Tingri areas or they show largely identical characteristics 
even in many details. The complete list of all MF types in Fig. 20 is meant to give an idea of 
the distribution of the individual types to the respective rock formations of the Gamba and 
Tingri areas . Further detailed information about the individual MF types can be found in 
Willems (1987, 1993). 
All MF types are summarised in six groups according to respective primary common criteria. 
Five of these groups, which - comprising 31 MF types - represent the main part, are to be 
understood as autochthonous sediments in a wider sense (chap. 4.3.1 to chap. 4.3.5) . Chapter 
4.3.6, however, summarises the allochthonous resediments of the Zhepure Shanpo Formation, 
which in their typical formation are restricted to the Tingri area exclusively. 
Numbering of the MF Types 
The MF types were numbered in a way that the facies types developed in the Gamba and in the 
Tingri area in very similar or even identical characteristics or such showing convergent fea-
tures, have got the same number and the addition "GT". MF types, however, which are restric-
ted to either of the two profile areas are distinguished by the addition of the letter "G" (for 
Gamba) or "T" (for Tingri). 
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Fig. 20: Common features in the distribution of the MF types in relation to the lithological units in the inves-
tigated areas of Gamba and Tingri . Nine of the overall 35 MF types occur in considerably similar microfacial 
characteristics in both areas ; this is marked by the addition of the identification "GT". 13 MF types each are 
only restricted to one of the two areas, identified with "G" for Gamba or "T" for Tingri . -- Gc.F. = Gamba-
cunkou Formation (= Lengqingre, Xiawuchubo, and Jiubao Formations). 
Black circles = occurring in Gamba as well as in Tingri (signed "GT"). 
White circles = distribution restricted to Gamba (signed "G") or Tingri (signed 'T"). 
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4.3.1 Pelagic/Hemipelagic MF Types (Gamba/Tingri Area) 
The facies types summarised in this group are characteristic for the sedimentation processes of 
the basin, the shelf margin, and the open sea shelf. They may be classed with the Facies Zones 
1-3 (Basin and Lower Slope Environments) of the model according to Wilson (1975); this 
corresponds with the Facies Zones 1, 2, and 3 in the models developed herein (Fig. 19; 
Will ems 1993: fig. 12). 
In the Gamba area, the MF types belonging to this group are distributed to the marlstones and 
calcareous marls of Formations 2 and 3 of the Gamba Group and to the Members Limestone I 
and Calcareous Marls I of the Zongshan Formation (Willems 1993: fig. 3). Starting from the 
Upper Albian, they occur there together with the lithofacial change from siliciclastic to 
carbonate rich sediments (Bank 20 in Fig. 37) and continue into the Campanian. 
In Tingri, the MF types are distributed to the marlstones and calcareous marls of the Gamba 
Group, the well bedded limestones of the Zongshan Formation, and the lower layers of the 
sandstones and marlstones of the Zhepure Shanpo Formation (Willems 1993: fig. 4). In 
contrast to Gamba, the pelagic facies characteristics, especially the calcispheres in Tingri can 
still be traced into the Paleocene (Bank 15 in fig. 14 of Willems 1993). 
The autochthonous pelagic background sedimentation is composed of typical planktic and nek-
tonic biota: radiolarians, planktic foraminifers, calcispheres, filaments, planktic crinoids, 
scleres, and ammonites. 
This background sedimentation rich in micrite (sometimes clay) is intercalated by alloch-
thonous, (micro)bioclastic carbonate deposits which are partly also rich in peloids, in Tingri by 
major terrigenous influx as well. This detritus in Gamba mainly fine-grained, in Tingri mainly 
more coarse-grained was redeposited from shallow marine platform areas in the course of epi-
sodic (storm?) events (Aigner 1985). 
The following eight pelagiC/hemipelagic MF types can be distinguished: 
- MF 1 GT: Mudstone 
- MF 2GT: Microbioclastic Wacke-/Packstone 
- MF 3GT: Wackestone with Planktic Foraminifera 
- MF 4 T: Filament Packs tone 
- MF 5GT: Calcispheres Wackestone 
- MF 6GT: Siliciclastic Calcispheres Packstone 
- MF 7G: Microbioclastic Peloid Grainstone 
- MF 8G: Echinoderm Packs tone 
MF 2GT, 7G, and 8G which are to be interpreted essentially as the results of allochthonous 
sedimentation, have not been integrated in Chap. 4.3.6 (resediments), because genetically they 
are closely connected to the pelagic background sedimentation and are therefore to be 
interpreted in this context. 
MF 1 GT: Mudstone 
Gamba/Tingri: Upper Albian - Cenomanian 
(Tingri: Santonian) 
Will ems (1993: fig. 13; pI. 2, fig. 3) 
In the Gamba area during the Upper Albian, this facies forms the first calcareous sediments, 
i.e. a transition facies from the fine argillaceous and (turbiditic) arenaceous dominated deposits 
of Formation 1 of the Gamba Group or of the Dongshan Formation respectively. In the Tingri 
area, first signs of a calcareous sedimentation go down even to the Aptian. Because of dis-
persedly distributed pyrite, tiny idiomorphic pyrite crystals, organic substances, and clayey 
admixtures, the micritic sediment appears opaque. In most cases the sediments are welllami-
nated, sometimes caused through stylolamination. The clayey mudstone contains scattered 
pelagic microfossils: planktic foraminifers, calcispheres, filaments, in the Tingri area especially 
radiolarians' and scleres; the nektonic fauna is characterized by ammonites (preserved as 
moulds); occasionally detritic quartz occurs. 
The facies is similar to SMF 3 (pelagic lime mudstone) and can be interpreted as a (hemi)-
pelagic basin deposit (FZ 1AIB; Fig. 19). When interbedded with argillaceous sediments 
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(Upper Albian) the sequence seems to indicate a sedimentary regime near the carbonate solution 
boundary, or an episodically higher input of terrigenous material. 
MF 2GT: Microbioclastic Wacke-/Packstone 
Gamba/Tingri: Upper Albian - Campanian 
Fig. 39; Willems (1993: pI. 2, figs. 4-6) 
Even-bedded detrital intercalations (wackestone texture) of several mm- up to cm-thickness 
within dark-grey pelagic marlstones, calcareous marls and well-bedded limeston~s. Apart from 
a high quantity of poorly to moderately rounded and sorted small skeletal grains (partly echino~ 
derms), there often occur calcispheres, less frequently planktic foraminifers, nodosariids, textu-
lariids, scleres (mostly still siliceous), filaments, and peloids. In Tingri during the Upper 
Albian these biomicrites contain up to 20% radiolarians (mostly spumellarian types), in some 
layers within the entire Gamba Group up to 45% siliciclastics (silt to fine-sandy fraction). 
The facies is comparable with SMF 2/3. It is interpreted as allochthonous intercalations within 
the pelagic background sedimentation of MF 1 GT, 3GT, and 5GT, in Gamba interbedded with 
MF 7G. The microbioclastic material was reworked from shallow-water areas caused by episo-
dically high energy (?storm) events. Sedimentation of the detritus removed from adjacent shal-
low shelves took place in deeper shelf margin environments (FZ 2; Fig. 19) below the wave 
base; less influx of this facies can also be recognized in the open sea shelf (FZ 3) and the open 
marine basin (FZ lA). The sea floor was well-oxygenated. Beginning in the Turonian, a 
change of the sedimentary environment is recognisable from a more distal to an increasingly 
proximal position of sedimentary processes until the Campanian. 
MF3GT: Wackestone with Planktic Foraminifera 
Gamba/Tingri: Upper Albian - Campanian 
Fig. 39; Willems (1993: figs. 13, 14; pI. 2, figs. 7-9) 
Widely distributed within different calcareous rock types which are mostly intensively biotur-
bated. The biomicrite is characterized by concentrations rapidly changing vertically and lateral-
ly (sometimes in mm-layers or in burrows, packstone texture) of well preserved biota, mainly 
planktic foraminifers (Globotruncana, Dicarinella, Rotalipora, Hedbergella, WhiteineUa). Sub-
ordinate biota are nodosariids, filaments, fragments of echinoderms and mollusks (often ino-
ceramids); calcispheres are less frequent if planktic foraminifers dominate (see MF 5GT); in 
some layers terrigenous quartz may occur. 
The pelagic microfacies corresponds with SMF 3. During the time from the CenomanianlTuron-
ian to the Santonian, the deposits are interpreted as pelagic background sedimentation of open 
marine basin (FZ lA) and shelf margin (FZ 2; Fig. 19) environments with good water circula-
tion. During the Santonian/Campanian, the sedimentation of this facies type took place in an 
open sea shelf environment (FZ 3) as indicated by the generally increasing content of biota and 
by the intensive interfingering with MF 4T in the Tingri area and MF 5GT in the Gamba area. 
MF 4T: Filament Packstone 
Tingri: UpperCenomanian and Santonian 
PI. 1, Fig. 2; PI. 3, Fig. 1; Willems (1993: fig. 13; pI. 2, fig. 10) 
Restricted to thinly bedded, reddish grey limestones intercalated within the marlstones of the 
Gamba Group and to some layers of the lowermost part of the Zongshan Formation. The bio-
micrite is characterized by mostly irregularly distributed filaments (wackestone), occasionally 
they are densely packed in parallel to the banking structure (packstone) in layers of up to 5 mm 
thickness (micro-Iumachelle). This planar bedding structure is often destroyed by intensive bio-
turbation. Associated fossils more frequent in quantity are planktic foraminifera (globotrun-
canids), but only few nodosariids (mostly Lenticulina), monaxone spicules (siliceous material 
diagenetically replaced by calcite), bioclasts of echinoderms, and detrital quartz (silt size to 
fine-sand size). 
The facies biofacially mainly characterized by planktic/pseudoplanktic biota is comparable to 
SMF 3. According to Wilson (1975: 265), during the Mesozoic, those filamentous micrites are 
typical for offshore basinal environments. Intensive bioturbation structures caused by endo-
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biotic organisms give proof of well-oxygenated conditions of the water column even down to 
the sea bottom. 
In correspondence with interfingering facies types (MF 2GT, 3GT), MF 4T represents depo-
sits of a deeper water basin environment (FZ 1; Fig. 19) during the Upper Cenomanian as well 
as of an open sea shelf environment (FZ 3) during the Santonian. 
MF 5GT: Calcispheres Wackestone 
Gamba: Campanian; Tingri: Upper Campanian - Maastrichtian 
Fig. 39, 'PI. 3, Figs. 2-6; Willems (1993: figs. 13, 14) , 
Part of the well-bedded dark-grey limestones of the Zongshan Formation. The even stratifi-
cation is very often destroyed by bioturbation, mostly belonging to the Cruziana ichnofacies. 
Within the light-grey burrows (packstone; PI. 3, Fig. 2) bioclasts and peloids are concentrated 
(MF 3GT, 7G). 
In Gamba the facies is characterized by pure biomicrites (wackestone) with completely preser-
ved biota, some detrital quartz may only occur within burrows. In case calcispheres dominate, 
often coming up to 60% of all biota, the content of planktic foraminifers decreases remarkably 
(see MF 3GT). This distinct alternated stratification between layers carrying calcispheres and 
such planktic foraminifers is clearly visible at Banks 9 and 12 of Section CA (Fig. 39). 
The facies is to be correlated with SMF 3. Together with MF 1GT and 3GT it forms the essen-
tial part of the pelagic background sedimentation in the investigated areas. The main area of 
sedimentation was the outer open sea shelf (FZ 3, Fig. 19), which is also indicated by the 
occurrence of Cruziana (Phycoides, Bank 8, Fig. 39) and Chondrites ichnofossils. To a 
lesser extent, sedimentation of calcispheres may also have reached shelf margin areas (FZ 2). 
MF 6GT: Siliciclastic Calcispheres Packs tone 
Gamba: Campanian; Tingri: Upper Maastrichtian - Paleocene 
Fig. 39, PI. 3, Figs. 7-9 
In contrast to MF 5GT, this facies is characterized by an intensive mixture of autochthonous 
and allochthonous particles. Besides the calcispheres (up to 30%), these hemipelagic deposits 
contain up to 40% terrigenous quartz. Other biota are planktic foraminifers, nodosariids (Lenti-
culina, Frondicularia), few miliolids, textulariids, in some layers more scleres and filaments, 
and a sometimes high quantity of bioclasts. Except for these general features, there exist more 
differences between the occurrences of the MF type in Gamba and Tingri, which mainly result 
from their different strati graphic positions in both areas. The occurrence of Goupilflludina at 
Bank 13/14 (Fig. 39) is a characteristic feature found in Gamba. In Tingri, especially in the 
Lower Paleocene, a characteristic feature is the admixture of resedimented shallow-water 
environment extraclasts from the Maastrichtian, containing Omphalocyclus, rotaliids, frag-
ments of rudists (mostly radiolitids) and corallinacean algae. Between Banks 6 and 11 
(Willems 1993: fig. 14), the facies is interbedded by turbiditic calcareous sandstones 
(MF 35T), both facies may be intensively intermixed owing to strong bioturbation (PI. 3, 
Fig. 8). Often occurring ichnofossils in the stratigraphicallyolder layers belong to the Cruziana 
facies (Rhizocorallium), in younger layers (Banks 10 and 11) to the Skolithos facies (Callia-
nassa, Ophiomorpha). 
The facies is to some degree comparable to SMF 2 and 4, but differs by the high content of 
siliciclastics. Sedimentation still took place below the wave base, but with good current circu-
lation. 
MF 7G: Microbioclastic Peloid Grainstone 
Gamba: (Lower) Campanian 
Fig. 39; PI. 4, Figs. 1-2 
Well visible as light-grey intercalations (cm to dm) within a sequence of dark-grey limestones 
made of MF 5GT. The normally distinct contact between the two facies may be intensively des-
troyed by bioturbation (PI. 3, Fig. 4). 
The mostly very fine-grained (calcisiltite; mostly evenly bedded, occasionally graded bedding) 
pelsparites are very well sorted, the roundness of particles is good to very good. Main particles 
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are peloids (20-75 ~m, probably pseudopeloids and bahamite peloids) and micro-lithoclasts 
(up to 300 ~m), admixed with micro-bioclasts (up to 150 ~m), in most cases fragments of 
echinoderms (partly Saccocoma) with syntaxial rim cements. The few fossils are calcispheres, 
accessory planktic foraminifers, nodosariids, textulariids, scleres, and fragments of bivalves. 
Comparable to MF 2GT, this facies represents allochthonous interbeds within a sequence of 
pelagic background sedimentation dominated by MF3GT and SGT. The sedimentary environ-
ment is a characteristic feature of shelf margin areas (FZ 2, Fig. 19). The particles are redepo-
sited from carbonate producing shallow-water shelf areas caused by episodic high-energy 
events. 
MF 8G: Echinoderm Packstone 
Gamba: Campanian 
PI. 4, Fig. 3 
A single, up to 50 cm thick layer within a sequence of pelagic sediments (MF 3GT, 5GT). The 
well bedded (partly graded bedding) sparry limestone is clearly visible because of its light grey-
beige colour surrounded by a series of dark-grey limestones. 
A characteristic feature is the intensive mixture of allochthonous benthic shallow-water orga-
nisms dominated by echinoderm fragments and planktic organisms dominated by foraminifers 
(e.g. globotruncanids) and calcispheres. Sorting and roundness of the particles is poor to 
moderate due to the mixture of smaller microfossils and larger bioclasts. Accessory biota are 
textulariids, nodosariids (Lenticulina), verneuilinids, and bivalve fragments; the few redepo-
sited micri te extraclasts are small. 
The facies corresponds to SMF 4 (microbreccia or bioclastic packstone). As an allodapic 
limestone - intercalated with a distinct, sometimes erosive basal face within the pelagic 
MF 5GT - the sediment was redeposited as a result of an episodic high-energy (storm) event 
from shallow-water carbonate platform environments into deep distal shelf margin areas (FZ 2) 
which are normally dominated by pelagic background sedimentation processes. 
4.3.2 MF Types with Orbitoid Foraminifera and Rudists (Gamba Area) 
The microfacies types belonging to this group show a large microfacial variety as well as a high 
diversity of particles and biota. The distinctive feature is the frequent occurrence of orbitoid 
foraminifera (Orbitoides, Omphalocyclus), rudists, and bioclasts of various origin. Further 
faunas frequently occurring in layers are miliolid and rotaliid foraminifers, echinoderms, ino-
ceramids, and gastropods (e.g. Actaeonella). The additional allochems comprise coated grains, 
ooids, peloids, and different sorts of lithoclasts (mostly intraclasts). 
The following MF types can be distinguished: 
- MF 9G: Bioclastic Orbitoides Wackestone 
- MF lOG: Intra-/Bioclastic Orbitoides Grainstone 
- MF 11 G: Siliciclastic Orbitoides Packstone 
- MF 12G: Rudist Rudstone 
- MF 13G: Omphalocyclus Floatstone with Udoteacean Algae 
The distribution of the facies types is restricted to the Zongshan Formation in the Gamba area, 
that is to the following Members: Limestones IIIIII, Calcareous Marls 11, and the Rhodolite. 
They give evidence of the existence of a differentiated carbonate platform at the Maastrichtian 
time. The corresponding sediments are lacking in Tingri, they are in that area substituted by 
massive resediments (Chap. 4.3.6) - their particle spectrum in parts being similar to the Gamba 
area. 
MF 9G: Bioclastic Orbitoides Wackestone 
Gamba: (Lower) Maastrichtian 
Fig. 40; PI. 4, Figs. 4-5 
The composition and diversity of biota is comparable to MF lOG: Orbitoides (mostly O. 
media, few O. tissoti) and Omphalocyclus macro porus , miliolids, rotaliids, inoceramids, few 
dasycladacean algae; peloids and intraclasts. The main difference from MF lOG lies in the 
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quantitative composition of the particles: allochems, especially coated grains and ooids typical 
for high-energy shallow-water environments and bioclasts (rudists, echinoderms, gastropods) 
are less frequent or even missing. On the other hand pelagic biota are more frequent: especially 
calcispheres, less planktic foraminifers. Roundness of components is heterogeneous (very 
poor to very good), sorting is generally poor. The matrix consists of micrite, sometimes micro-
sparite. 
According to the admixture of planktic and benthic faunas, this limestone represents a transition 
facies between the pelagic open marine sea shelf (FZ 3, Fig. 19) and the high-energetic environ-
ment of the carbonate platform margin (FZ 5; MF lOG, 12G). The facies is comparable to 
SMF 5 (but without reef builders), and was deposited (for the most part still below the normal 
wave base) within the open sea shelf and the lower part of the platform slope of FZ 3-4. 
MF lOG: Intra-/Bioclastic Orbitoides Grainstone 
Gamba: Maastrichtian 
Figs. 40, 41; PI. 4, Figs. 1,6-10 
This facies builds up most of the grey thick-bedded to massive Limestones 11 and III of the · 
Zongshan Formation. Commonly they are well stratified (partly graded or cross-bedded), be-
cause of preferred orientation of larger biota and shell fragments in parallel or subparallel to the 
bedding plane. Roundness of the worn and abraded particles is poor to very good, sorting in 
layers differing between poor (rudstone) and very good (grainstone). Main biota: Orbitoides 
media, few O. tissoli, few Omphalocyclus macroporus; layers with higher proportion of 
miliolids (partly Quinqueloculina), few rotaliids and ophthalmiids. The often high quantities of 
shell fragments are derived from inoceramids, in the surroundings of rudist biostromes from 
hippuritids (Limestone 11) and radiolitids (Limestone Ill), and from gastropods (some 
completely preserved Actaeonella). Accessory biota: corals, dasycladacean, udoteacean 
(Halimeda) and corallinacean algae; indeterminable bioclasts are mostly preserved as coated 
grains (up to 30%). Allochems may reach higher proportions in some layers (10-50%): _ 
lithoclasts (up to 50%, mostly intraclasts), few extraclasts (e.g. from MF 5GT); peloids (up to 
20%), few single ooids 
The facies corresponds with SMF 11 and was deposited in strongly agitated shallow-water 
environments on platform margin shoals (FZ SA, Fig. 19) where well~winnowed lime sands 
developed. Diagenetic features indicate synsedimentary, alternating conditions between the 
marine phreatic, freshwater phreatic and freshwater vadose zones. Combined with facies inter-
fingerings, these stages of diagenesis indicate frequent changes between transgressive 
(MF 90) and regressive (MF lOG) cycles, especially within Limestone 11 (Fig. 40). 
MF 11 G: Siliciclastic Orbitoides Packstone 
Gamba: Maastrichtian 
Figs. 40, 41; Willems (1993: pI. 5, figs. 2-3) 
The facies builds up (partly nodular or evenly laminated) arenaceous limestones and calcareous 
marls, sometimes intercalated by 10 - 20 cm thick calcareous sandstones. The component 
assemblage is comparable to MF lOG, except for the existence of calcispheres and ooids (super-
ficial ooids with large nuclei) in MF 11G. A striking difference as against the two other 
orbitoid facies (MF 90, lOG) is the high quantity of terrigenous quartz (up to 50%). The 
brownish colour of some parts of the limestone is due to selective dolomitization. 
Intensive intercalations with MF lOG and 12G indicate that this facies (comparable to SMF 
10/11) was deposited in areas adjacent to high energetic platform shoals (FZ SA) and rudist bio-
stromes (FZ 5B). Sedimentation took place in an open marine subtidal platform environment 
which was temporarily and locally influenced by the input of terrigenous detritus (FZ 6B, Fig. 
19). 
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MF 120: Rudist Rudstone 
Oamba: Maastrichtian 
Figs. 40, 41; Willems (1993: pI. 5, fig. 4; pI. 6, figs. 1-6) 
Thick-bedded to massive beige-grey rud- and grainstones, showing geopetal fabrics (umbrella 
effects, detrital infilling of borings). In most cases the fabric of this IUIl}achelle (biosparrudite) 
is chaotic, the biofragments are mostly unrounded and unsorted. 
The sediment mainly consists of shell fragments (up to 10 cm in size) from rudists, mostly 
more than 90%. In some layers the rudists are still in life position. Accessory biota: Orbitoides, 
Omphalocyclus, fragments of inoceramids, gastropods, echinoderms, sponges and coral-
linacean algae. Pore spaces are mainly filled with granular cements, sporadically a thin iso-
pachous Cement A generation (or even a meniscus cement) may have developed. Selective 
solution of primary aragonite shells (e.g. from the gastropod Actaeonella) in the freshwater 
phreatic zone has caused extensive mouldic porosity (Willems 1993: pI. 6, fig. 1, 5), voids 
later filled with blocky cements. 
The facies (corresponding to SMF 12) was deposited on shoals at the platform margin (FZ 5B, 
Fig. 19) where rudist biostromes locally restricted and occasionally developed. In some layers 
(1-6 m thickness) of Limestone 11 (mostly hippuritids) and Limestone III (mostlyradiolitids) 
rudists are still -in life position. Diagenetic fabrics indicate a short time and a locally restricted 
emergence of the biostromes. Because of regressive cycles in the uppermost layers of some 
massive limestones, solution resulted in extensive karstification (Fig. 38c). During a transgres-
sion the caverns were filled in a geopetal fabric with yellow-brownish siliciclastic materials. 
Arrangement and genesis of the biostromes are comparable to the rudist mounds described by 
Wilson (1975: 329) from the Middle Cretaceous of Central Mexico. 
MF 130: Omphalocyclus Aoatstone with Udoteacean Algae 
Oamba: (Upper) Maastrichtian 
Figs. 41,42; Willems (1993: pI. 7, figs. 1-4) 
Nodular marlstones (within Member "Rhodolite") and yellowish-brown, slightly ferruginous 
limestones, intensively interfingered with MF 140, 150, and 160. Often even bedding struc-
tures are caused by a parallel orientation of components and by stylobedding due to early dia-
genetic compaction. The most characteristic feature of these poorly sorted floatstones, some-
times rudstones is the rock-forming quantity of Omphalocyclus macroporus (in rudstone 
facies with thick micrite envelops). Further biota are miliolids, rotaliids, ostracods, and in 
layers differing quantities of fragments of echinoderms and mollusks (e.g. rudists, 
gastropods); Orbitoides is very rare. In layers influenced by detrital quartz influx, the number 
of Omphalocyclus diminishes rapidly in comparison with (allochthonous) echinoderms 
(Willems 1993: pI. 7, fig. 4). The facies contains higher portions of calcareous algae, espe-
cially of the udoteacean algae Ovulites, corallinaceans, and the squamariacean algae Ethelia 
alba. Accessory components: dasycladaceans; peloids; detrital quartz. 
This fossiliferous facies, comparable to SMF 9/10, was deposited in an subtidal open marine 
platform environment (FZ 6A, Fig. 19) with slight winnowing, but good water circulation. 
Layers made of rudstone texture might have been deposited on locally restricted shoals or 
within channels on the platform. 
4.3.3 MF Types with Calcareous Algae (Gamba/Tingri Area) 
This group comprises facies types in which the proportion of different groups of calcareous 
algae plays a predominant part or - in comparison with similarly defined MF types (e.g. MF 
130 and 140) - clearly increases in quantity. Stratigraphically, the facies types in the area of 
Oamba are of Upper Maastrichtian and Lower to Middle Paleocene in age: rhodolite calcareous 
marls of the Zongshan Formation (Member "Rhodolites"), Member 11 of the lidula Formation, 
and Member I of the Zongpu Formation. In the Oamba area, the successive development of the 
calcareous algae facies can be most clearly studied in Section DB (Fig. 42). 
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The following MF types can be distinguished: 
- MF 140: Siliciclastic Wackestone with Ovulites 
- MF 150: Ferruginous Dasycladacean Algae Roatstone 
- MF 160: Rhodolite Roatstone 
- MF 170: Siliciclastic Udoteacean/Dasycladacean Algae Wackestone 
- MF 18T: Bioclastic Udoteacean Algae Rudstone 
- MF 19T: Dasycladacean Algae Packs tone with Corals 
- MF 20T: Coral-Rhodolite Baffle-/Roatstone 
- MF 210T: Oreen Algae Wackestone with Rotaliids 
MF 140: Siliciclastic Wackestone with Ovulites 
Oamba: (Upper) Maastrichtian 
Figs. 41,42; Willems (1993: pI. 7, fig. 5) 
The calcareous marls form a transitional facies between the limestones characterized by 
Omphalocyclus macroporus (MF 130) and the calcareous marls dominated by dasycladaceans 
(MF 150). They often taper out laterally over short distances. A typical feature of these poorly 
sorted bioturbated wacke-, sometimes packs tones is the high quantity of fine-grained quartz 
(moderately to well rounded), in some layers even calcareous sands tones (e.g. 1.5 m Bank 2, 
Section DB). The main biofacial feature is the increase of calcareous algae, especially the 
udoteacean Ovulites, accompanied by Halimeda, in interfingering layers with the rhodolite float-
stones (MF 160) by clasts of Etheliaalba, corallinaceans and first thalli of the dasycladacean 
Cymopolia. Further biota and diagenesis: see Willems (1993: 88). 
Sedimentation of this f acies (corresponding to SMF 9) took place in (deeper) subtidal 
environments of the open marine platform (like MF 130). The high influx of terrigenous 
material indicates a more nearshore position of the sedimentary environment (FZ 6B, Fig. 19) 
and documents a regressive cycle within the sequence. A typical habitant of this nearshore envi-
ronment is Ovulites which today lives in tropical shallow seas. The high content of green algae 
and further benthic organisms gives proof of a good translucence (despite higher terrigenous 
input) and aeration of the water down to the sea floor. 
MF 150: Ferruginous Dasycladacean Algae Roatstone 
Oamba: (Upper) Maastrichtian 
Fig. 42; Willems (1993: pI. 8, figs. 1-3) 
The brownish marlstones and calcareous marls form a transitional facies between the siliciclastic-
dominated deposits of the underlying MF 140 and the rhodolite facies of the overlying beds 
(MF 160). The biofacies is dominated by a high diversity of dasycladaceans, mostly of the 
genus Cymopolia: C. tibetica, C. eochoristosporica, C. heraki. Of subordinate importance are 
Neomeris pfenderae, N. cretacea; the acetabulariacean Acicularia; the udoteacean Ovulites, 
Halimeda, and Marinella lugeoni. Further biota: reworked Omphalocyclus macroporus, mol-
lusks (mostly gastropods, few rudists and bivalves with foliated shells), ostracods, miliolids, 
rotaliids, echinoderms, and poorly reworked and sorted bioclasts (indeterminable because of 
intensive micritisation). Some layers comprise up to 30% extraclasts, redeposited from MF 
130 and 140. Pseudo-lithoclasts are remarkable which originate from a micrite filling of 
former intrabiogenous voids of biota (mostly gastropods), their aragonitic shells being com-
pletely dissolved in the freshwater phreatic zone. The diagenesis observed within this MF Type 
is discussed in Willems (1993: 89). 
The widespread distribution of dasycladaceans in this facies comparable to SMF 9 correlates 
with the retreat of terrigenous influx and with the decreasing Ovulites. The coexistence with o. 
macroporus in some layers indicates a depositional environment comparable to MF 130, 
which again means a transfer into offshore environments of an open marine platform (FZ 6A, 
Fig. 19). Compared to MF 140 this indicates a more transgressive trend again. The very good 
preservation of the thalli and poor winnowing give proof of a deeper subtidal, but well trans-
lucent water. Higher concentrations of goethite indicate the influx of terrigenous material from 
nearby emerged regions of denudation. Lithoclasts of MF 130 and 140 were derived from 
adjacent shallo~-water environments (FZ 6A and 6B) or they may have been redeposited from 
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already lithified older deposits of these facies. 
MF 160: Rhodolite Aoatstone 
Oamba: (Upper) Maastrichtian 
Figs. 41,42, PI. 5, Figs. 4-5; Willems (1993: pI. 9, figs. 1-5; pI. 10, figs. 1-4) 
This striking facies forms a series of brownish-grey marlstones and calcareous marls laterally 
changing in thickness between a few meters and up to 14 m. The banking structure is often 
wavy or nodular, the single nodules (up to 30 cm diameter) are mostly surrounded by sandy 
marls (Fig. 38d). The nodules are composed of mUltiple cm-sized rhodoids (Fig. 38e), their 
quantity growing towards the top of the series. Fabric and biofacial variability are very mani-
fold, showing different growth fabrics and high organism diversity assemblages. The rhodoids 
comprise all sorts of growth forms: ramose, columnar, globular, and laminated types (Bosence 
1983a); their recognition is important for the interpretation of the sedimentary environment. For 
a detailed description see Will ems (1993: 89f). 
Sedimentation of MF 160 took place in a nearshore environment which was influenced by 
deltaic accretions of sandstones, on shoals, and in the surroundings of small patch reefs 
(corals, rudists). These sedimentary regimes are part of a nearshore open marine platform 
environment (FZ 6B, Fig. 19) which was episodically influenced by terrigenous clastics input. 
The situation might have been comparable to the recent distribution of rhodoids in the tropical 
rhodolite environments (Bosence 1983b: 226) of Aorida where they occur in sea grass banks 
near the coast and adjacent to mud mounds. Sedimentation rate in layers with a high quantity of 
rhodoids was low because of their low growing rate (Bosence 1983b: 240). Compared with 
the underlying MF 150, this facies again documents a regressive tendency which finally culmi-
nates in the deposition of the lidula Sandstones. 
MF 170: Siliciclastic Udoteacean/Dasycladacean Algae Wackestone 
Oamba: (Upper) Maastrichtian 
Willems (1993: fig. 3; pI. 11, figs. 1-4) 
Restricted to black limestones forming Member 11 of the lidula Formation or some thin inter-
calations within the Upper Sandstone (Bank E5; Fig. 43). The contact between these lime-
stones and the underlying Lower Sandstone is marked by an erosional unconformity (Fig. 
43b). The limestones are evenly bedded owing to the orientation of the poorly reworked biota 
and by a higher input of detrital (medium-grained) quartz in layers. A striking feature are biotur-
bations in the biomicrite showing enrichment of quartz grains within the burrows (Willems 
1993: pI. 11, fig. 3) or burrows in the more sandy layers showing a reduction in quartz grains. 
The organisms are limited in diversity but in some layers they occur in greater abundance. 
These are mainly udoteacean algae of the genus Ovulites (poorly preserved because of dia-
genetic overprint) and Halimeda, also dasycladaceans (Cymopolia, Neomeris, and aff. Furco-
porella). Restricted to some layers: smooth-shelled ostracods, small-sized miliolids; accessory 
are thin-shelled bivalves, gastropods, and few echinoderms. The dark micrite matrix comprises 
dispersedly distributed pyrite (partly idiomorphic). 
The limestones are embedded among a series of sands tones which are interpreted as shoreface 
and foreshore sand bodies (FZ 7A, Fig. 19). Sedimentation of the biomicrites took place in la-
goonal areas with restricted circulation, which most of the time were separated from the open 
marine platform through the sand bodies of FZ 7A. The poor aeration of the sea floor is docu-
mented by pyrite and the low biota diversity. Especially the occurrence of udoteaceans and 
dasycladaceans indicates at least temporary connections with the open sea through tidal inlet 
channels within the sandstone bars. According to Wray (1977: 136, 155), Ovulites is a 
habitant of shallow subtidal (nearshore) lagoonal environments with temporary terrigenous 
influx, especially on the downwind side of protecting bars. 
MF 18T: Bioclastic Udoteacean Algae Rudstone 
Tingri: Paleocene (Danian?/Montian) 
Willems (1993: fig. 16; pI. 11, figs. 5-7; pI. 12, figs. 1-3) 
This MF Type occurs only in the Tingri section, see description in Willems (1993: 9Of). 
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MF 19T: Dasycladacean Algae Packstone with Corals 
Tingri: Paleocene (Danian/Montian) 
Willems (1993: fig. 16; pI. 12, figs. 4-7) 
This MF Type occurs only in the Tingri section, see description in Willems (1993: 91). 
MF2OT: Coral-Rhodolite Baffle-/Aoatstone 
Tingri: Paleocene (Montian) 
Willems (1993: fig. 16; pI. 10, fig. 5; pI. 13, figs. 1-6) 
This MFType occurs only in the Tingri section, see description in Willems (1993: 91f). 
MF 21GT: Green Algae Wackestone with Rotaliids 
Gamba: Middle Paleocene; Tingri: MontianlThanetian 
Fig. 45; Willems (1993: fig. 16; pI. 14, figs. 1-2) 
The facies can be found within unevenly bedded (middle to thick) partly nodular dark-grey to 
black limestones and calcareous marls. It consists of poorly sorted and hardly reworked bio-
turbate wacke-, sometimes packstones. Main constituent is a high diversity of green algae. 
Most important is the udoteacean Ovulites, less important Halimeda. Dasycladaceans consist 
of Furcoporella, Cymopolia, Dissocladella, Neomeris, and Trinocladus, and the few ace-
tabulariaceans Acicularia and Clypeina. The few rhodophyceans are represented by Jama and 
Amphiroa. The calcareous algae are followed by foraminifera, mainly of the rotaliids (Davie-
sina, Lockhartia), fewer miliolids, vemeuilinids (partly Tritaxia), and agglutinated foramini-
fers. In younger layers (Thanetian) of the Tingri area, some larger foraminifera occur: Keramo-
sphaera and Sphaerogypsina globulus (REUSS). Further biota: fragments of echinoderms, 
bivalvys, gastropods, few sponges, corals, bryozoans, and ostracods. Above Bank 7 allo-
chems diminish remarkably; some layers still comprise peloids, micritic (micro)lithoclasts, 
some normal and superficial ooids. 
Sedimentation of this facies comparable to SMF 9 took place in an open marine platform 
environment (FZ 6A, Fig. 19). The higher portion of calcareous algae indicates - compared to 
the intercalated MF 22GT - a still more nearshore area. The high quantity of micrite and 
complete preservation of biota refers to a deeper subtidal environment with intermittently 
agitated water, probably due to protection from wave or current action by bars. 
4.3.4 MF Types with Lower Tertiary Larger Foraminifera 
(Gambaffingri Area) 
A characteristic feature of the MF types summarised in this group is the predominant propor-
tion of various larger foraminifera groups typical for the Lower Tertiary, which in some layers 
may occur in a rock-forming quantities. They essentially compose the partly nodularly textured 
limestones and calcareous marls of the Zongpu Formation in the Gamba area (Members 11 to 
IV; Fig. 45) and of the Zhepure Shan Formation in the Tingri area (Members III to V). The 
decisive criterion for the differentiation and definition of the individual MF types are the larger 
foraminifera associations, the compositions of which continuously changed during the Paleo-
cene and Lower Eocene. 
The following four MF types can be distinguished: 
- MF 22GT: Rotaliid Grain-/Packstone with Keramosphaera 
- MF 23GT: Nummulitid Aoatstone with Discocyclina 
- MF 24GT: Aoatstone with Alveolina and Orbitolites 
- MF 25[: Aoatstone with Nummulites and Alveolina 
Three of the MF types occur in the Gamba area as well as in the Tingri area (MF 22GT to 
24GT). Differences between the two areas exist in form of a slightly varying quantitative com-
position of the biota and specific diagenetic processes, as e.g. the formation of massive nodular 
limestones within the Zongpu Formation in the Gamba area. An essential difference from the 
Gamba area is the number of the MF types in Tingri having to be increased by the additional 
MF 25f because of the wider strati graphic extension of Section M (Tingri), i.e. thus of the 
longer existence and increased paleogeographic differentiation of the carbonate platform of the 
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Zhepure Shan Formation in the Paleocene/Eocene in the Tingri area. MF 25T is characterized 
by the frequent occurrence of Nummulites. 
MF 22GT: Rotaliid Grain-/Packstone with Keramosphaera 
Gamba: Middle Paleocene; Tingri: Montian - Thanetian 
Fig. 45; Willems (1993: pI. 14, figs. 3-7; pI. 15, fig . 1) 
The facies is distributed within irregularly bedded (middle to thick) partly nodl:llar (see MF 
23GT) dark-grey to black limestones and calcareous marls. It is to some extent comparable 
with the interfingering MF 21GT except for the higher portion of rotaliids and the reduction of 
green algae and micrite. The rotaliids are among others Lockhartia haimei, Daviesina, and 
Pararotalia, moreover miliolids, and few verneuilinids, textulariids and encrusting foramini-
fers. Restricted to some layers, there occur higher portions of Keramosphaera, in Tingri also 
Sphaerogypsina globulus. In the uppermost part the first larger foraminifers characteristic for 
MF 23GT appear: Miscellanea, Ranikothalia, and Discocyclina. Further biota and diagenesis: 
see Will ems (1993: 93). 
The high organism diversity of this heterogeneous facies (corresponding to SMF 9 and 18) 
characterizes slightly agitated environments of the open marine platform (packstones; FZ 6A, 
Fig. 19) with close links to strongly agitated shoals (grainstones; FZ 5A). This interpretation is 
supported by the high portion of rotaliids which may (compared with MF 21GT) indicate a 
habitat on outer parts of the platform, i.e. in close interaction with platform edge shoals (Elf-
Aquitaine 1977: 25). According to Reiss & Hottinger (1984: 283), Daviesina and Lockhartia 
are typical for shallow subtidal environments with higher water agitation during the Middle 
Paleocene and Lower Eocene. Diagenetic features indicate locally restricted and temporary 
post-depositional freshwater phreatic conditions on these shoals. 
The frequent fluctuation between MF 21GT and 22GT to be observed in Gamba (Fig. 45) as 
well as in Tingri seems to suggest short-time alternations between regressive (MF 21GT) and 
transgressive (MF 22GT) phases in the Montian/Thanetian transition. 
MF 23GT: Nummulitid Aoatstone with Discocyclina 
Gamba/Tingri: Thanetian (partly Ilerdian) 
Fig. 45; Willems (1993: pI. 15, figs. 1-5; pI. 16, figs. 1-2) 
This facies builds the main portion of the very characteristically dark-grey nodular limestones, 
calcareous marlstones, and intercalated marlstones of the Zongpu Formation (Fig. 44a, b) . 
They also build a part of the pebbles near Bank 9 in the upper part of the Zongpu Formation 
(Fig. 45). They consist of bioturbated float-/wackestones, in more compacted layers of pack-
stones. A distinctive feature is the high quantity of larger foraminifers, especially of nummu-
litids. In the lower part of the strata series, there occurs Miscellanea, accompanied by Rani-
kothalia and rotaliids, in younger layers Operculina occurs. In Gamba, at the top of the series 
the first Alveolina appear. Distributed over the entire series are Discocyclina, miliolids, and 
verneuilinids, very few textulariids. Subordinate biota and diagenesis see Willems (1993: 93f) . 
Deposition of the sediment comparable to SMF 9 took place on the open sea shelf (FZ 3, Fig. 
19) or on deeper parts of a slightly inclining ramp (Read 1982: 198). Lack of reworking and 
sorting of the particles suggest a deep subtidal sedimentation base temporarily below the wave 
base. But intensive bioturbation and the existence of some green algae indicate a good aeration 
and light penetration respectively down to the sea floor. The described assemblage of larger 
foraminifera is typical for open marine shelf areas (Hottinger 1973: 445, Hottinger 1984). 
MF 24GT: Aoatstone with Alveolina and Orbitolites 
Gamba/Tingri: Ilerdian-Cuisian 
Fig. 45; Willems (1993: fig. 16; pI. 16, figs. 3-6; pI. 17, figs. 1-2) 
Thick-bedded limestones, sometimes nodular calcareous marls and in Gamba some of the 
pebbles at the base of the limestone series near Bank 9 (Fig. 45). The spectrum of particles of 
the poorly sorted and reworked float- to rudstones is characterized by the abundant larger fora-
minifers, mainly of Alveolina and Orbitolites, in older layers Opertorbitolites, too. At the 
same time the foraminifers typical for MF 23GT (Ranikothalia, Miscellanea, Discocyclina) 
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disappear completely. Further foraminifers: small-sized Nummulites, miliolids (partly up to 
10%), vemeuilinids (in layers up to 5%), rotaliids (up to 5%), and few textulariids. In some 
layers Litlwporella, scattered thalli of dasycladaceans and Marinella lugeoni. Accessory biota: 
echinoderms, gastropods, bivalves, sponges (mostly hexactineUids), corals, ostracods, and 
single bryozoans. 
The limestones identical with SMF 9 are deposited on an open marine platform (FZ 6A, Fig. 
19) or nearshore areas of a slightly inclining ramp (Read 1982: 198). Compared with MF 
23GT sedimentation took place in a moderately agitated (shallow subtidal) water. That means, 
the transition from MF 23GT to MF 24GT indicates a slowly beginning regression of the sea. 
This tendency is supported by the occurrence of alveolinids which are adapted to more agitated 
environments. Ross (1979: 54) relates them to a water depth of 25-80 m, according to Reiss & 
Hottinger (1984: 283) they lived down to depths of 60 m during the Paleocene/Eocene. 
Especially in the younger layers of the Gamba area, the regressive trend seams to continue as 
indicated by the abundant occurrence of Orbitolites. This foraminifer existed during the Eocene 
restricted to very shallow subtidal areas (Rei ss & Hottinger 1984: 283), but protected against 
higher water agitations (restricted shelf and shoals; Hottinger 1973: 446). 
MF 2ST: Floatstone with Nummulites and Alveolina 
Tingri: Cuisian - Lutetian 
Willems (1993: fig. 16; pI. 17, figs. 3-6) 
This MF Type occurs only in the Tingri area, see description in Willems (1993: 94f). 
4.3.5 MF Types with Allochems and Various Biota (Gamba/Tingri Area) 
This group comprises microfacies types that are characterized by their special components, 
mainly allochemical carbonate particles. All six microfacies types characterize the shallow-
water limestones of the Lower Tertiary in the Gamba as well as in the Tingri areas. They are, 
however, each restricted to one of the two areas. 
The following MF types are summarised in this group: 
- MF 26G: Grain-/Packstone with Radial Ooids 
- MF 27G: Mollusc Floatstone with Radial Ooids . 
- MF 28T: Ooid Grainstone 
- MF 29T: Miliolid Wackestone 
- MF 30T: Aggregate Grain-/Packstone with Miliolids 
- MF 31T: Miliolid-Rotaliid Grainstone 
It is characteristic for all MF types that their distribution within the studied sections is generally 
limited and restricted to very thin layers in most cases tapering out laterally - partly over short 
distances. The latter mainly applies to MF 26G and 27G restricted to the Gamba area, which 
occur as thin intercalations within the greenish grey marls of the Zongpubei Formation and at 
the top of Member IV of the Zongpu Formation. These two special facies types mainly charac-
terized by (radially structured) quiet-water ooids mark the end of the marine sedimentation 
regime in the Gamba area during the Ilerdian. 
MF 26G: Grain-/Packstone with Radial Ooids 
Gamba: Ilerdian 
Fig. 45; Willems (1993: pI. 18, figs. 1-2) 
This MF Type is restricted to some beige-brown and greenish-grey marly limestones of 15-
20 cm thickness, especially intercalating the greenish-grey marls of the Zongpubei Formation. 
Roundness and sorting of particles is heterogeneous (bimodal: very good and poor) forming 
partly evenly bedded arenitic grain- and packstones. The mostly radially structured normal 
ooids (0,3-1,0 mm) and the single and superficial ooids (up to several mm) make up 80% of all 
particles; very rare are compound ooids. Thickness of laminae is between 15 and 350 JAm. The 
nuclei are formed by differently sized and preserved bioclasts and few micritic particles. In the 
nucleus of some ooids, idiomorphic authigenic quartz crystals occur (Willems 1993: pI. 18, 
fig. 4). The fossil content is relatively high-diverse, though a large portion is of allochthonous 
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origin: fragments of echinoderms, gastropods, bivalves, bryozoans, corals, sponges, corallina-
ceans (LithoporeZla) and udoteaceans (Ovulites). In accordance to differing biogenous contents 
two sub-types can be recognized. The most frequent one is characterized by larger benthic fora-
minifera cemented in a (pseudo)sparitic matrix (oosparite, comparable to SMF 15): Nummu-
lites, AZveolina, Orbitolites, and few RanikothaZia and Miscellanea miscella which are 
redeposited from older (Thanetian) layers. A rare sub-type comprises planktic foraminifera 
(GZobigerina) embedded in a micritic matrix (oomicrite) containing detrital qu~rtz. The first 
sub-type can more be found on top of the Zongpu Formation, whereas the second one more in 
the younger series of the Zongpubei Formation. Irregularly distributed are pebbles (with 
borings from sponges) of differing facies, redeposited from the underlying Paleocene strata. 
For the interpretation of this facies, the existence of radially structured ooids is important 
(HUgel 1982). These quiet-water ooids originate from marine marginal zones and non-marine 
environments (hypersaline coastal ponds, terrestrial salt lakes). It is supposed that the ooids on 
top of the Zongpu Formation were deposited in restricted marine marginal lagoons (FZ 7B/8, 
Fig. 19), but still influenced by allochthonous input of biogens derived from the adjacent open 
marine platform (FZ 6A). In comparison with that the oolites within the Zongpubei Formation 
are deposited in a sometimes hypersaline coastal pond (FZ 8). Because of short-term intrusions 
or episodic high-energy storm events, biota from normal marine environments (e.g. planktic 
foraminifers; FZ 6A) were redeposited (Aigner 1985). This interpretation corresponds with that 
one of the mudstones and claystones poor in fossils of the Zongpubei Formation and the exis-
tence of authigenic quartz, an indicator of hypersaline environments (Orimm 1962). 
MF 270: Mollusc Hoatstone with Radial Ooids 
Oamba: Ilerdian - Cuisian 
Fig. 45; Willems (1993: pI. 18, figs. 3-4) 
Unevenly thin-bedded, partly porous calcareous marlstones which are intercalated within the 
greenish-grey marls and c1aystones of the Zongpubei Formation. The mostly completely preser-
ved macrofauna consists of mostly autochthonous bivalves (oysters, Cardium, Mytilus, 
NucuZa) and gastropods. In addition there are allochthonous (redeposited) foraminifers (Alveo-
lina, Nummulites, Orbitolites, miliolids), fragments of rhodophyceans (partly Archaeolitho-
thamnium), echinoderms, bryozoans, serpulids, and corals; moreover extraclasts. A remar-
kable feature is the existence of radially structured ooids (up to 0,5 mm diameter) embedded in 
a micrite matrix. The partly large portion of mouldic as well as vuggy porosity is due to the 
(late diagenetic) dissolution mostly of mollusks and to the selective dolomitization. Many of the 
pores and caverns have remained open. Another outstanding diagenetic feature is the high 
quantity of authigenic bipyramidal quartz crystals often occurring in the centre of the ooids 
(Willems 1993: pI. 18, fig. 4). 
The facies documents the last marine ingressions into a restricted, slightly hypersaline (authi-
genic quartz) cut-off lagoon or coastal pond (FZ 8, Fig. 19). The lumachelle-like deposits may 
be due to episodic high-energy events. As a result, normal marine organisms (larger foramini-
fers, echinoderms, corals) and extraclasts from adjacent open marine environments (FZ 6A) 
were reworked and redeposited together with autochthonous biota. The radial-fibrous ooids, 
too, (partly parautochthonous) are a typical indicator of hypersaline coastal pond environments 
(HUgel 1982: 147). 
MF 28T: Ooid Orainstone 
Tingri: Danian?/Montian 
Willems (1993: fig. 16; pI. 18, figs. 5-6; pI. 19, figs. 1-3) 
This MF Type occurs only in the Tingri section, for description see Willems (1993: 96). 
MF29T: Miliolid Wackestone 
Tingri: Montian 
Willems (1993: fig. 16; pI. 19, figs. 4-7) 
This MF Type occurs only in the Tingri section, for description see Willems (1993: 96f). 
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MF30T: Aggregate Grain-/Packstone with Miliolids 
Tingri: Montian 
Willems (1993: fig. 16; pI. 19, figs. 8-9; pI. 20, figs. 1-2) 
This MF Type occurs only in the Tingri section, for description see Willems (1993: 97). 
MF31T: Miliolid/Rotaliid Grainstone 
Tingri: Montian(?) 
Will ems (1993: fig. 16; pI. 20, figs. 3-5) 
This MF Type occurs only in the Tingri section, for description see Willems (1993: 97). 
4.3.6 Mixed Carbonatic-Siliciclastic Resediments (Tingri Area) 
The MF types comprised in this group form the deposits of the Zhepure Shanpo Formation and 
of the lidula Formation occurring only in the Tingri area. This is a lithofacially diversified 
sequence of marlstones, calcareous marls, siliciclastic limestones to calcareous sandstones, 
characterized by extensive siliciclastic influx and carbonatic resediments. In this context, sedi-
ments rich in fossils in the form of extraclasts and pebbles especially of the Maastrichtian with 
orbitoid foraminifera and rudist debris were resedimented into younger layers of the Lower 
Paleocene. This led to an interfingering and intensive admixture with the hemipelagic back-
ground sedimentation (Chap. 4.3.1), which was more and more influenced and finally com-
pletely replaced by silicicl~stic inflows during the Lower Paleocene. The (locally restricted) 
turbiditic and deltaic debris flows already appear morphologically clearly visible in the field 
(fig. 5, Willems & Zhang 1993b). 
The following MF types can be distinguished: 
- MF 32T: Biogenous Debris Packstone with Pebbles 
Tingri: Middle Maastrichtian, Willems (1993: figs. 13, 14; pI. 20, figs. 6-8) 
- MF 33T: Siliciclastic Biogenous Debris Packstone 
Tingri: Paleocene (?Danian), Willems (1993: fig. 14; pI. 21, figs. 1-4) 
- MF 34T: Gastropod A oats tone 
Tingri: Paleocene (DanianI?Montian), Will ems (1993: fig. 14; pI. 21, fig. 5) 
- MF 35T: Turbiditic Calcareous Sandstone 
Tingri: Middle Maastrichtian - Paleocene (DanianI?Montian), Willems (1993: fig. 
14; pI. 21, fig. 6) 
In their litho- and microfacially extraordinary feature, these MF types constitute a very special 
facies, which is restricted to the Tingri area exclusively. The carbonatic sediments rich in bio-
clasts can partly be classified as allodapic limestones (MF 34T). The beginning of the sedimen-
tary sequence of resediments is formed by MF 32T and 33T, the end by MF 34T (Will ems 
1993: fig. 14). For the purpose of completion only, the calcareous sands tones (MF 35T) shall 
also be described, which are frequently intercalated in the sequence of the Zhepure Shanpo For-
mation with a thickness of several meters and occur above Bank 16 in the 80 m thick lidula For-
mation. It probably constitutes a time equivalent of the Upper Sandstones (Member III: Lower 
Paleocene?) of the lidula Formation in the Gamba area. 
The detailed description of these MF Types can be found in Willems (1993: 97-99). 
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5. Cretaceous-Tertiary Sedimentary and Tectonic History 
5. 1 Sedimentary and Tectonic History of the Xigaze Forearc Basin and of the 
Indus-Yarlung Suture 
The Xi gaze Group (infill of the forearc basin) and the Xigaze Ophiolite are part of the Indus-
Yarlung suture zone s.l., which is the major Himalayan suture. Other constituents of the suture 
zone are Paleocene "wildflysch" to the south of the ophiolites as well as two terrestrial, clastic 
units overlying ophiolites and forearc deposits: the Eocene to Oligocene Qiuwu Fm. and the 
Oligocene/Miocene? Liuqu Fm. In most cases, the contact between single units are tectonic: 
northdipping thrusts, southdipping backthrusts, transcurrent faults, or a combination of these. 
In the following, the single units are described from North to South. 
5.1.1 The Qiuwu Formation 
The Qiuwu Fm. is probably of Late Paleocene/Eocene to Oligocene age (Qian 1985) and may 
be correlated with the Kailas and Indus molasse units in central and western sections of the 
Himalayan suture. Up to date, these units have not been studied in detail. A brief account of 
observations in the Xigaze area was given by Einsele et al. (1994). The Qiuwu Fm represents 
fluvial deposits onlapping onto plutons of the Transhimalayan Gangdese Batholith to the north. 
This shows that the present erosional level was reached at that time. To the south, the contact to 
the Xigaze forearc Group is always tectonic. Einsele et al. (1994) interpret the Qiuwu Fm. as 
alluvial fan and fluvial deposits (conglomerates, sand- and siltstones) with mainly westward 
and southward paleoflcw directions. The depositional environment of the fluvial beds alter-
nated between braided and meandering rivers. This caused deposition of widespread distal fan 
conglomerates and sands or extensive floodplain deposits, today showing a striking cYclicity of 
these deposit types. Clast lithologies of the conglomerates suggest that eroded material was 
provided by the magmatic arc to the north but also from emerged parts of the Xigaze Group to 
the south, with a minor ophiolitic input from the Xigaze ophiolite (Durr, 1993). 
5.1.2' Shelf carbonates 
In places, neritic marls and carbonates as well as deposits of rudist patch reefs crop 
out between the Xigaze forearc Group and the Qiuwu Fm., always in tectonic contact to both. 
These units may be correlatable with carbonate intercalations in the Takena Series, and perhaps 
assumed the position of a northern shelf to the fore arc basin. Ammonites and microfossils from 
these deposits show that carbonate production occurred from the Aptian/Albian to at least the 
Cenomanian (Wiedmann & Durr 1995). Carbonate pebbles clearly derived from these deposits 
are present in the Middle to Upper Cretaceous forearc sediments (Xigaze Group) and suggest 
that the shelf area alternatingly experienced phases of carbonate production and erosion. 
5.1.3 The Xigaze Forearc Group 
The Xigaze Group represents the infill of the forearc basin. The Xigaze Group in the Xigaze 
region consists of an about 7 km thick sequence of sediments; predominantly shale, silt- and 
sandstone, as well as minor conglomerates and hemipelagic marls deposited in deep sea clastic 
fans (Fig. 21). The Xigaze Group may be subdivided into four formations, based on a super-
cyclicity of the sequence. The four formations are the Jiangqinzhe, Tashilunpo, KaDe, and 
Jiding formations (Fig. 21). 
The original thickness of the Xigaze Group was probably in the order of 12 km (Durr 1993), 
of which the upper part has been removed, probably by erosion. The present tectonic structure 
in the study area is that of a large synclinorium with its axis trending E-W (Shackleton 1981, 
Burg & Chen 1984, Ratschbacher et al. 1992) . The southern limb of the structure is largely 
absent for tectonic reasons (Fig. 22). Due to this structure, Xi gaze Group sediments generally 
are younger towards the south, i.e. the strati graphically lowest rocks crop out in the north 
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Fig. 21: Columnar section of Xigaze Group. Facies classes A - G after Pickering et al. (1986). SCl - 3: Fining-
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Fig. 22: Tectonic cross-section of the 
Xigaze Group showing the major syn-
clinal structure and some minor faults 
and folds . SCl, SC2, SC3: sedimen-
tary supercycles, cf. Figs. 21 and 23 . 
North 1 , North2, Central, South: 
facies zones, see Figs. 21 and 23 . 
Stippled arrows indicate section used 
for calculating 40 % shortening 
(e=-O.4) (from Ratschbacher et al . 
1992). 
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(Figs. 22,23). Based on strain analyses and restored sections, Ratschbacher et al. (1992) esti-
mated a minimum basin paleowidth of 66 km. 
In the Xi gaze area (i.e., on a length of ca. 120 km to the west and east of Xi gaze) , five single 
fans were lined up in an E-W direction and appear to have been regionally stable during their 
time of deposition (Fig. 24). The single fans were spaced between ca. 10 and 20 km apart and 
overlapped laterally in their lower fan regions. The stability of fan locations is interpreted to 
result from stable sediment point sources in the hinterland, constantly supplying sediment to 
the single fans (Einsele et al. 1994). Most probably, these point sources were small to medium-
sized rivers. Fan locations were determined by the regional distribution of channel fills, dis-
playing five channel-rich corridors which widen southward (Fig. 24). However, the strati-
graphically lowest Jiangqinzhe Fm. does not show this concentration of channel fills (Fig. 24). 
This indicates that the single fans, and accordingly the sediment point sources, were not estab-
lished until sedimentation into the forearc basin was well in progress. Paleocurrent directions in 
the sediments are generally to the south in channel fills, and show directions from east over 
south to west in interchannel deposits. 
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Fig. 23: Hypothetical two-dimensional section through the Xigaze Group sediment pile preserved, prior to defor-
. mation. Thick solid line indicates the presently exposed N-S section, separated into facies zones Northl, North2, 
Central and South by black dots . Slope sediments are now largely absent due to tectonic overprint; shelf carbo-
nates are exposed to the north of the Xigaze Group. Shaded deposits: Upper, mid- and lower fan. Non-shaded: 
basin plain, dominated by hemipelagic sediments. Note strong retreat of submarine fans (onlap) towards tops of 
supercycles SCl, 2 and 3 . The progradational character of SCl - 3 is hypothetical; a stable or retrogradational 
character is also imaginable. From Durr (1993) . 
Fig. 24 (opposite page): Geologic sketch map of the Xigaze region, showing locations of excursion stops for 
June 7.-9. Channel fills in the Xigaze Group are marked by solid and open circles; their concentration in five N-
S corridors mark deep sea fan locations. Deeper water carbonate sequences were deposited during low clastic in-
flux at the tops of supercycles (see text). Arrows at top show locations of sediment point sources, feeding five 
single fans . X: Xigaze, K: KaDe village, J: Jiding village. From Dtirr (1993). 
50 
.. .. .. .. .. 
~ 
___ ~_8.:.6,-3-- ' 
., 
0 10 km ~ 0 Xigaze Group (mostly volcaniclastic Sandfilled channel ." .:. sandstones and marls) -[[I]] Molasse-type sediments (Qiuwu Fm) e()e Conglomerate. clast-supported [±J Gangdese Belt plutonic rocks 000 Conglomerate. matrix-supported 
~ Yarlung suture ophiolites :::rn:r Deep-water carbonate 
!Z:2 Triassic-Cretaceous sediments G:Z3 Shelf carbonate of the subduction complex 
VI 
-
In terms of facies associations typical of deep sea clastic fans (e.g., Nelson & Nilsen 1984, 
Mutti & Normark 1987, Shanmugan & Moiola 1988), the distality of the depositional environ-
ment of the Xi gaze Group increases southward, in agreement with southward paleoflow and 
fan widening. Thus, channel-fillloverbanklinterchannel facies associations for the upper and 
mid fan occur in the north (with and without large feeder channels, respectively), comprising 
the Jiangqinzhe and Tashilunpo formations, and pass southward into sand sheet/lobe deposits 
of the lower fan (KaDe Fm), and finally into shaly deposits with distal turbidites of the basin 
plain realm (Jiding Fm). It is important to note that the formations were not defined as 
sequences characterising the fan regions, but that the identity of supercycles and deposits of 
single fan regions is coincidental. 
Biostratigraphic control in the Xigaze Group is extremely poor due to a very low grade meta-
morphic overprint (see below) and the predominant flysch-like rock facies, resulting in an 
extremely poor preservation of microfossils and a rarity of macrofossils, respectively. Volcani-
clastic sedimentation probably started at the Aptian/Albian boundary, indicated by an Upper 
Albian ammonite Mortoniceraspricei from a stratigraphically intermediate position (Wied-
mann & DUrr 1995), as well as by volcaniclastic intercalations in the Aptian/Albian shelf 
carbonates. A resedimented Middle Cenomanian ammonite Turrilites acutus (Wiedmann & 
DUrr 1995) shows that the preserved sediment pile includes deposits at least of that age. Accor-
ding to Herm et al. (1983), deep-water sedimentation continued to at least the Late Turonian. 
The Tashilunpo, KaDe and Jiding formations each represent one of three fining upward super-
cycles. Huge conglomerate-filled channels with widths of up to several kilometers mark high 
influx at the supercycle bases (e.g., the giant Xigaze channel infill), whereas channel sizes, and 
sediment influx, strongly decrease toward the tops. During periods of high influx, the fans had 
their largest extension. With low influx, they were much smaller and wide parts of the forearc 
basin were dominated by marly, hemipelagic sedimentation marking supercycle tops. The Jiang-
qinzhe Formation comprises pre-supercycle deposits; interchannel sand- to siltstone as well as 
smaller, mainly sandy channel fills, with no superior thinning or thickening upward tendency. 
The large channel fill in the city of Xi gaze and equivalent channel fills along E-W strike (Fig. 
24) mark the base of the first supercycle, and the base of the Tashilunpo Formation. Sediment 
influx was controlled either by eustatic sea level fluctuations, by step-like tectonic uplift in the 
hinterland, or by both processes. Arguments in favour of sea level changes are given by the 
sediment composition (see below), and by the fact that the Middle to Late Cretaceous probably 
was a time of high-amplitude third-order eustatic fluctuations (Haq et al. 1987). 
5.1.3.1 Sedimentary composition 
The siliciclastic deposits of the Xi gaze Group are generally made up of volcaniclastic compo-
nents shed from the Gangdese Belt. Intercalated bentonites and tuffaceous deposits indicate that 
the Gangdese Belt was active concurrent to sedimentation into the Xigaze basin. By far the 
largest part of material in the Xigaze Group is of andesitic composition, shown by the petro-
graphy as well as chemistry of volcanic pebbles and sands tones (DUrr 1993). There are, how-
ever, significant variations in the sediment compositions in space and time. 
Second to andesite pebbles, carbonates are most abundant in conglomerates in the eastern 
section of the study area (Fig. 25). In the west, only small amounts of carbonate pebbles are 
present in older conglomerates, but absent in younger ones. Shown by their facies and fossil 
content, these carbonates are erosive products of the shelf bordering the Xigaze Basin to the 
north which was exhumed due to arc uplift. Andesite and carbonate both feature large pebble 
sizes of up to one meter in diameter, suggesting that the sources of both lithologies were very 
near to the basin, and therefore in essentially the same area. 
Tonalitic pebbles appear at the expense of carbonate pebbles in the western study area, with in-
creasing amounts towards younger deposits. Despite the calcalkaline composition of the plu-
tonic rock, zircon typologies suggest a collision-related genesis of the tonalite, and are there-
fore against a genetic relationship of the tonalite to the andesites. Sedimentary pebbles, chert, 
sand-, silt-, and mudstone, are present in minor amounts in all conglomerates and, at least 
partly, represent basinal intraclasts. The variety of extrabasinallithologies present as pebbles is 
thought to reflect those lithologies that were eroding on the southern Lhasa Block, i.e. in the 
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Fig. 25: a) Pie diagrams showing conglomerate compositions in vol. %. Each pie represents one counted conglo-
merate. The conglomerates were counted along five N-S sections, younging southward. Counting localities are 
marked on the map. b) Diagrams illustrating quantitative Xigaze Group sandstone compositions. Q: quartzose 
grains (mono- and polycrystalline), F: feldspar grains, L: unstable aphanitic lithic fragments (magmatic, meta-
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Xigaze area. Smaller diagram after Pettijohn and others (1987) classifies Xi gaze rocks as arkosic and lithic 
arenites (feldspathic and lithic greywackes for rocks with more than 15 % matrix). Larger diagram after Dickin-
son and others (1983) correlates QFL modes to geotectonic settings of source areas . From Dtirr (1993). 
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arc area, because the pebble lithologies present are unstable during prolonged transport dis-
tances. Regardless of lithology, pebbles are generally sub- to well-rounded, suggesting fluvial 
transport prior to deposition in the Xigaze basin. 
Major sandstone components are volcanic lithic fragments, identical in texture and mineralogy 
to the andesite pebbles, and plagioclase. Quartz may reach 50 vol. % in some samples (Fig. 
25). Clastic carbonate, detrital mica and metamorphic lithic grains are minor constituents. 
Conglomerate compositional trends are mirrored by the sandstones: those from the east largely 
lack quartz, mica, and metamorphic fragments ; these components are most abundant in the 
west and in younger sandstones from the central study area (Fig. 25). Heavy mineral fractions 
are dominated by authigenic Ca-alumosilicates, formed during very low grade metamorphic 
conditions. The mineral assemblage lawsonite + pumpellyite + chlorite + titanite points to low-
temperature, high pressure metamorphic conditions in excess of 3 kb. Apatite is the most 
frequent detrital heavy mineral, as expected from volcaniclastic sediments. Other detrital heavy 
minerals are zircon, tourmaline, rutile and chromite. 
The lateral differences in sediment composition indicate that in the east uplift of the arc was 
comparatively slow. The constant erosion of shelf carbonates points to a low rate of exhu-
mation of the arc. In the west, exhumation was slightly stronger, resulting in removal of the 
carbonates and enabling the erosional level to affect deeper, plutonic rock. This, at least 
partially, accounts for higher quartz contents in the sandstones. A smaller part of the sediment 
probably derived from a distant exhuming orogen (the Bangong Nujiang suture to the north of 
the Lhasa Block) where ophiolitic and metamorphic lithologies were eroding. This source de-
livered chromite as well as the metamorphic components rutile, mica and metamorphic lithic 
fragments , respectively, to the Xigaze Group. Figure 26 summarizes the inferred provenance 
regions of the Xigaze Group sediments. 
?Bangong-Nujiang suture 
~ 
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Fig. 26: Sketch summarizing provenances of Xigaze Group clastics . The majority of sediment probably is 
derived from the asymmetrically exhuming, active magmatic arc (Gangdese Belt). A smaller part is derived from 
the distant exhuming orogen of the Bangong-Nujiang suture and is transported south across the Lhasa Block. 
From Diirr (1993). 
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The homogenous sediment composition throughout time in the eastern section of the study area 
supplies an important argument against a tectonic control on sediment influx. Tectonic pulses, 
causing arc dissection, should accordingly generate changes in sediment composition towards 
higher quartz and feldspar contents, reflecting lithologies from deeper crustallevels. No compo-
sitional trends in time are known from the eastern section, but supercycles are well developed 
along the entire length of the study area. 
The forearc basin was most probably floored by oceanic crust. This was a prerequisite for 
having sufficient accommodation space for a several km thick sedimentary sequence in a rather 
short time (e.g., Einsele 1992). Additionally, an oceanic floor is suggested by water depths in 
the basin of probably more than 2000 m (Einsele et al. 1994). The oceanic crust had probably 
been trapped between a ragged continental margin to the north and a comparatively smooth sub-
duction zone to the south (Dickinson & Seely 1979), thus escaping subduction (Fig. 27). This 
position classifies the Xi gaze basin in its early evolutionary stage as a residual forearc basin 
after Dickinson & Seely (1979). The basin evolved into a composite basin, floored partly by 
the growing subduction complex. Figure 28 shows the tentative evolution of the basin geo-
metry from Einsele et al. (1994). 
trapped oceanic or transitional crust 
(location of residual forearc basin) arc volcanoe 
Fig. 27: Plan view of a theoretical continental margin arc-trench system. The subduction zone is smoothly 
arcuate, whereas the continental margin is ragged. A residual forearc basin forms where oceanic and/or transi-
tional crust is trapped between protrusions of the continent. 
5.1.3.2 The northern basin flank: the thickening magmatic arc 
Thickening of the Gangdese Belt was low when the preserved sediments of the Xigaze Group 
were deposited. Pluton emplacement, as a major process of arc crustal thickening, was in 
progress at Cenomanian time, shown by U-Pb systematics from zircons which deliver concor-
dant ages of up to 94 Ma for Gangdese Belt diorites about 70 km ENE of Xigaze (Scharer et al. 
1984). Uplift accelerated in the Late Cretaceous, because until the Eocene the arc experienced 
several km of exhumation, which is shown by the onlap of molasse-type sediments of the 
Qiuwu Formation of this age onto Gangdese Belt plutons (Einsele et al. 1994). 
5.1.3.3 Southern basin flank: the growing subduction complex 
With continuous subduction of the Neotethys lithosphere, a subduction complex formed at the 
southern termination of the Xigaze basin and experienced constant growth. The growth of the 
complex is shown by the onlap of distal volcaniclastic sediments of the Xigaze Group on radio-
larites, themselves topping ophiolites obducted into the subduction complex. The radiolarites 
are dated as Upper Albian by radiolarians (Marcoux et al. 1983), giving the maximum age for 
the volcaniclastics on top. At this time, the deposition of the Xigaze Group was already well in 
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Fig. 28 (opposite page): Model for the evolution of the Xigaze forearc basin from Einsele et al . (1994). Sub-
sequent to a passive margin stage. the basin is filled by a prograding wedge of SCI-3 and a hypothetical SC4 (a. 
b). The basin gradually shallows and evolves to a composite basin due to growth of the accretionary wedge. The 
terrestrial Qiuwu Formation presents the terminal basin fill (c). Collision-related tectonics deform the basin in-
fill. and SC4 is removed (d) . 
progress, shown by the ammonite Mortoniceras pricei of the same age, but recovered from a 
stratigraphically intermediate position in the Xi gaze Group. However, growth of the sub-
duction complex was not strong enough to generate a morphological ridge at the southern fore-
arc termination (Fig. 28b), at least not for the time span recorded by the preserved sediments. 
Such a ridge would have been oriented approximately parallel to the subduction zone (east-
west), and would have caused a deflection of current directions parallel to the basin-axis (east-
west). Xigaze Group paleoflows in channels do not show a deflection from their generally 
southward direction, suggesting that the growth of the sedimentary wedge of the Xigaze Group 
kept pace with subduction complex upbuilt. 
5.1.3.4 Basin shallowing and termination of forearc sedimentation 
In many cases, the sedimentary sequences of forearc basins exhibit shallowing upward ten-
dencies (Dickinson & Seely 1979, Einsele 1992). Turbiditic and related deep-marine sediments 
give way to deltaic or shallow marine deposits, if sedimentation prevails long enough. Shal-
lowing upward is thought to reflect the filling of an initially deep basin, as well as growth and 
uplift of the subduction complex. As a result, basin shall owing is often accompanied by basin 
widening, as sediment on laps onto accreted material of the subduction complex. With low sedi-
ment influx and slow growth of the subduction complex, a forearc basin will tend to retain a 
deep and narrow morphology for a longer period. 
In the Xi gaze Group, no shallowing upward tendencies in the deeper water deposits are visible 
in the Xigaze area. Shallow marine sediments of the fore arc region are, however, exposed ca. 
400 km west of Xigaze (Wan et al. 1982, Wan 1987). These sediments yielded Paleocene to 
early Eocene foraminiferal and bivalve assemblages. During this excursion, we will unfortuna-
tely not be able to see these deposits. The terrestrial Paleocene/Eocene Qiuwu sediments also 
indicate significant shallowing in the forearc region. New paleomagnetic data (Klootwijk et al. 
1991, Patzelt et al. 1994), as well as sedimentological and paleontological results (Jaeger et al. 
1989, Beck et al. 1995) suggest that the onset of continental collision may have been as early 
as the Cretaceous/Tertiary boundary, with complete closure for the eastern part of the Neo-
tethys in the Late Paleocene/Early Eocene, terminating the forearc basin history. Following 
these results, the shallow marine and terrestrial forearc sediments were deposited syn- to post-
collisionally, and therefore shallowing may have been caused by contraction tectonics, rather 
than by filling of the basin. It remains unclear whether the Xigaze Basin experienced a shal-
lowing phase prior to the onset of collision, because the observations and available data are 
inconclusive. The lack of shallowing-upward tendencies suggests that basin filling was slow. 
On the other hand, average sedimentation rates of around 45 cm/1000 a for the compacted pile 
(DUrr 1993) are comparable to other forearc sequences as, e.g., the Great Valley forearc 
sequence (Ingersoll 1979), for which shallowing by basin infill and growth of the subduction 
complex has been proposed (Dickinson & Seely 1979). 
5.1.4 The Xigaze Ophiolite 
Ophiolites in the Himalayas occur in two different tectonic settings: either as nappes, south-
ward obducted onto rocks of the Indian plate (e.g., the Spongtang ophiolite), or as accreted 
lenses forming a discontinuous thin suture along the entire Himalayan mountain range. The 
Xi gaze ophiolite represents a section of the latter. 
The Xi gaze ophiolite is interpreted as remnants of unusually thin (3.5 km) oceanic crust (e.g, 
Gapel et al. 1984, Girardeau et al. 1984, Pozzi et al. 1984). Additionally, cumulate gabbros 
are largely absent, but Cr-diopside rich Harzburgite is abundant (Fig. 29). Residual harzburgite 
is less frequent than to be expected from "normal" oceanic crust. These characteristics are taken 
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as evidence for an origin of the crust at a slow spreading mid-ocean ridge, perhaps devoid of a 
long-lived magma chamber (e.g., Tapponnier et al. 1981, Nicolas et al. 1981). Paleomagnetic 
results (Pozzi et al. 1984) indicate that this ridge had a N-S orientation; and U-Pb isotope 
systematics (Gapel et al. 1984) give an 120 Ma age for the material. Considering the mentioned 
characteristics, it appears possible that the oceanic crust today found in the Xigaze ophiolite 
formed during a Lower Cretaceous phase of dextral movement between Asia to the north and 
Gondwana fragments to the south, including India (e.g., Dercourt et al. 1993). 
Fig. 29: Schematic profile of the Xigaze 
Ophiolite from Tapponnier et al . (1981). 
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It is an unsolved question whether the Xigaze ophiolite represents the floor of the Xigaze fore-
arc basin (oceanic material "trapped" between the subduction zone to the south and the Lhasa 
Block to the north) or material accreted in the subduction complex. Volcaniclastic material in 
stratigraphic contact to the ophiolites has been taken as argument in favour of a basin floor 
nature (e.g., Marcoux et al. 1983), but an Upper Albian age of radiolarians from radiolarites 
below the volcaniclastics (Marcoux et al. 1983) is too young, because forearc sedimentation 
was in progress since the Aptian/Albian boundary, and the forearc basin floor material must 
naturally be at least Lower Cretaceous in age. 
5.1.5 The Liuqu Formation 
The Liuqu Fm. is even less well studied than the Qiuwu Formation. It is probably of Oligocene-
Miocene, possibly Pliocene age (Academia Sinica 1980, Xiao et al. 1988). The bulk of the sedi-
ments consist of coarse-grained fluvial deposits derived from the Xigaze Group, and in part 
also from the ophiolites. It was probably deposited in small, local basins. 
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5.2 Sedimentary History in Gamba and Tingri (Northern continental margin 
of the Indian Plate) 
As terrigenous influx may influence temporarily with varying intensity the generally lime produ-
cing depositional environments, sedimentation processes on the northern margin of the Indian 
plate can best be explained by using the model of a continent-derived carbonate shelf (Mount 
1984). The concept of a paleogeographically isolated carbonate platform (Fltigel 1982: 533), 
which would be comparable with the terrigenously uninfluenced Great Bahama Bank (Purser 
1983: 237), is not suitable for the facies models used here. 
The two facies models for Gamba (Fig. 19) and Tingri were developed following the well-
known standard facies model by Wilson (1975) established in the microfacies analysis so far. 
This idealised facies model permits the immediate attribution of a number of MF types des-
cribed in the present paper, but is too inflexible in many cases and not applicable in special 
details. A great number of the microfacial and paleontological evaluations can be compared 
actualistically rather with the situation of the Peninsula of Rorida or the Peninsula of Yucatan at 
the Golf of Mexico (Purser 1980, 1983). 
The denomination and the numbering of the Facies Zones in both models consistently use 
Arabic numerals. When MF types are thus classified, parallels in the sedimentary development 
of Gamba and Tingri can be recognized immediately from both models. If there are 
considerable differences between the Facies Zones of the same numbering, then these 
especially defined sub-zones are distinguished by capital letters, if necessary also by sup-
plem~ntary descriptions. 
5.2.1 Facies Model in the Gamba Area 
In the following, the sedimentary history in the Gamba area will be discussed chronologically. 
Based on their microfacies and sedimentology, the investigated samples subsumed under 
characteristic microfacies types can be classified into eight facies zones (FZ 1 - 8) of which the 
Zones 1, 5, 6, and 7 are subdivided into further sub-zones (Fig. 30). The sub-zones 1B, 5B, 
6B, and 7A are characteristic only for the sedimentary environment in Gamba and do not have 
an equivalent in the Tingri model (Will ems 1993). 
The sedimentary history shows generally a bipartition of events with a gradual transition: sedi-
ments of pelagic (FZ 1 - 3) or pelagically influenced (FZ 4) depositional environments are 
substituted during the Maastrichtian by those of a differentiated platform dominated mainly by 
carbonate shallow-water sedimentation (FZ 5 - 7). The top is constituted by marginal marine 
deposits (FZ 8). The sediments of the sub-zones 6B and 7B frequently interrupted by stronger 
terrigenous accretions can be included by means of the model of a silicic1astically influenced 
continent-bound carbonate platform (facies mixing on rimmed platform) following a concept of 
Mount (1984). 
Facies Zone 1: Basin 
Quiet, deeper marine sedimentation far below the storm wave base. Basically two basin types 
have to be distinguished. 
FZ lA: Open Marine Basin 
Pelagic marlstones and calcareous marls consisting of mudstones poor in fossils along with 
planktic and nektonic organisms: foraminifera (Globotruncanidae), spicules, and ammonites 
(MF 1GT; partially 2GT, 3GT). 
FZ 1B: Euxinic Basin 
To a large extent, sedimentation free of carbonate production, but rich in the amount of fine 
argillaceous and siliceous material influx. Sedimentation base lies mostly below the oxygena-
tion level in euxinic conditions. Uniformly laminated black clay-/siltstones intercalated with 
distal sandstone turbidites and brecciated layers. Only very rarely intercalated with mudstones 
(MF 1GT), poor in fossils. 
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GAMBA TINGRI FZ FACIES ZONES AND SUB-ZONES 
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Fig. 30: Summary of the 8 facies zones (FZ) and further sub-zones differentiated in the facies model of Fig. 19. 
The survey displays which facies zones occur in the Gamba and Tingri areas in predominantly the same character 
and which sub-zones are restricted to one of the two areas only. The signatures used on the left are to represent 
the depositional environments in the evaluations of the profile sections of Gamba and Tingri. The legend is 
representative for most of the figures in this guide-book. 
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Facies Zone 2: Shelf Margin 
Transition zone between deeper outer shelf and basin with slightly steeper inclined sedimen-
tation surface. The sedimentation base lies below the zone influenced by storm waves. Biotur-
bate calcareous marlstones and well-bedded limestones develop frequently from wackestones 
with planktic foraminifers and calcispheres (MF 30T, SOT). The pelagic background sedimen-
tation is intercalated by fine-grained grain-/packstones (MF 20T, 70), occasionally also by 
carbonatic microbreccia beds (MF 80). They consist of allochthonous bioc.lasts (partially 
echinoderms), peloids, and micro-lithoclasts, which are redeposited by stronger turbulences 
(storm events) from adjacent outer shelves or shallow marine environments. Temporarily stron-
ger supply of quartz sand (MF 60T) . 
Facies Zone 3: Open Sea Shelf 
The sedimentation base is in the well-oxygenated zone with good current circulation. It is 
located below the normal wave base but influenced by storm waves. The bioturbate, terri-
genously predominantly uninfluenced wacke-Ifloatstones demonstrate a higher diversity of 
stenohaline organisms. The facies zone plays a role as depositional environment not only 
during the Late Cretaceous but also during the Paleogene, differs, however, in the two periods 
in varying composition of the organism assemblages. 
Santonian to Lower Maastrichtian: Well-segregated thin to medium bedded limestones with 
marly intercalations, partially also wavy and nodular calcareous marls; hardgrounds. Pelagic 
influence is dominant together with planktic and epiplanktic organisms: foraminifers, filaments, 
floating crinoids, and especially calcispheres (MF 30T, SOT). In proximity of the platform 
benthic biogens, e.g. orbitoid foraminifers (MF 90) occur. 
Thanetian: Nodular limestones and nodular calcareous marls with the benthic larger foramini-
fers Discocyclina, Ranikothalia, Operculina, and Miscellanea and rare dasycladaceans (MF 
230T). Pelagic elements are not present during this time interval. 
Facies Zone 4: Platform Slope 
Because of lacking reef developments and limited redepositions from the platform margin (FZ 
S) only weakly developed zone with moderate inclination of the sedimentation surface. Located 
mostly above the normal wave base. Oradual transitions to FZ SA on the one hand, and to FZ 
3 on the other hand. The fossil content is mixed (MF 90) and consists on the one hand of 
pelagic elements from the open marine sea shelf (calcispheres), on the other hand of benthic 
organisms (Orbitoides, Omphalocyclus, echinoderms), partially redeposited from FZ S. 
Facies Zone 5: Platform Margin 
High-energy shoals or belts at the outer margin of the carbonate platform without terrigenous 
material influence. Presumably not forming closed barriers but having larger inlet channels to 
the open sea through which pelagic influence could be observed temporarily even into the open 
marine platform (FZ 6A) at the beginning of the platform development (MF 110). 
During the Maastrichtian, FZ 5 is divided in Oamba into two interrelated sub-zones in which 
bedded and massive limestones were formed. 
FZ SA: High-Energy Shoals 
Well-winnowed lime sands in the tidal zone with different assorting of well-rounded abraded 
bioclasts (grain-to rudstones; MF 100). In some places, development of tidal bars influenced 
by freshwater phreatic and vadose diagenesis. A few ooid bars developed but they are locally 
very restricted. 
FZ SB: Rudist Biostromes 
Rudists in life position but predominantly rudist debris (MF 120). Partially local emergence of 
islands with freshwater vadose diagenesis zones; post-sedimentary karstifications. During the 
Paleogene, these bars are only moderately developed and permanently covered by water so that 
not only rotaliids (MF 220T) but also alveolinids (MF 240T) have been distributed over this 
zone. 
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Facies Zone 6: Open Marine Platform 
Nonnal marine, partially lagoonal carbonate platform zones and bays behind the outer platfonn 
edge (FZ 5) protecting from stronger turbulences, but with mostly good water circulation. 
Because the open marine platfonn is well aerated and lies in the photic zone, it has the richest 
and most diverse organism colonisation of all facies zones and a wide microfacial range of 
variation. The predominantly stenohaline organisms consist mainly of calcareous algae and fora-
minifera, besides echinoderms, mollusks, corals, etc. The sedimentation base lies mostly 
within the wave base, but often in protected zones. Wacke-I floatstones developed above all, of 
secondary importance in the channels are pack-to grainstones. 
Because of terrigenous influence on the sedimentary environment and predominance of certain 
organism groups, the carbonate platform described in the Oamba model can be distinguished 
into two sub-zones which, however, pass into one another. 
FZ 6A: Carbonate Platfonn s. str. 
Area of larger range immediately behind the platfonn edge with more strongly reduced water 
circulations in general. Only in shallow zones or in straits, the sea floor is influenced by higher 
circulation (rudstones, MF 130). With exceptions (MF 110) to a large extent without terri-
genous influence. Dominant organisms are dasycladaceans (MF 150), during the Maastrichtian 
orbitoid foraminifers (Omphalocyclus; MF 130), during the Paleocene rotaliids (MF 210T, 
220T) Alveolina, Orbitolites, and nummulitids (MF 230T, 240T). 
FZ 6B: Terrigenously influenced Platform 
Depositional environment developed only during the Maastrichtian with small lateral extent near-
shore, exposed to stronger terrigenous influx. Immediately offshore of a barrier consisting of 
quartz sandstones (FZ 7B). Intense colonisation above all by the udoteacean algae Ovulites 
(MF 140) and encrusting corallinaceans. Development of local patch reefs and rhodolite banks 
(MF 160) in an altogether (shallow) subtidal environment. 
Facies Zone 7: Restricted Lagoon and Quartz Sand Barriers 
Paleogeographic configuration during the Late Maastrichtian/Early Paleocene subdivided into 
two sub-zones. 
FZ 7A: Quartz Sand Barriers 
Quartz sandstone barriers running parallel to the coast (McCubbin 1982; Reinson 1984) which 
cause shoreward the development of restricted lagoons (FZ 7B). Representatives of the 
Skolithos ichnofacies are frequently detected in the sandstones mainly deposited within the sub-
tidal shoreface and intertidal foreshore zones. 
FZ 7B: Restricted Lagoon 
Bays and lagoon(s), protected by quartz sand barriers (FZ 7A) and temporarily cut-off as well, 
with stagnant water circulation. Near the floor, often poorly aerated thus causing a lack in 
oxygen and the development of limestones bearing pyrite (MF 170). As on the whole relative-
ly sufficient light penetrates the water and as the inlet channels (McCubbin 1982) in the barriers 
bring at times an influx of normal marine waters, this enables the distribution of the udoteacean 
algae such as Ovulites, of minor importance also of dasycladaceans. 
Facies Zone 8: Cut-off Lagoons, Coastal Ponds 
Skipping FZ 6B and FZ 7A17B during the Ilerdian, development of very shallow lagoons and 
coastal ponds cut-off from the open sea (FZ 6A) with strongly reduced water circulation and 
variations in salinity and oxygenation conditions. They are colonised only temporarily by 
bivalves adapted to a brackish environment. Marlstones poor in fossils but predominantly non-
fossiliferous greenish-grey marl- and red clays tones to fine sands tones (Zongpubei Fonnation) 
are produced. Temporarily hypersaline environment causes the development of authigenic 
quartz. 
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Temporary marine ingressions are only sporadic and short of duration. By this way, marine 
organisms from the directly adjacent open marine platform areas of FZ 6A are washed into the 
coastal ponds. These allochthonous biogens are not only planktic (Globigerina) but also 
benthic organisms (Nummulites, Alveolina, Orbitolites, Ovulites, corals). 
5.3 Comparison of the facies development and the sedimentary history in 
Gamba and Tingri 
A model of the facies history of the Iridian Shelf is presented for the Cretaceous and the Paleo-
cene from the Tibetan Tethys Himalaya in comparing the sedimentary evolution of the Gamba 
and Tingri areas. 
The investigations result in the fact that - after a relatively undisturbed pelagic sedimentary 
phase - the development of the shelf was definitely dynamic above all during the Middle Maas-
trichtian through the Middle Paleocene (Montian) to turn then again into more balanced condi-
tions from the Thanetian until the end of the marine sedimentation. To summarize, the history 
of the shelf can be characterized basically as a varying progradation of a carbonate platform 
(presumably from S to N) and a resulting generally overall regressive trend. This development 
generally observed, is locally overlain by a varying large number of transgressive and regres-
sive phases which have different effects on each local sedimentary process. Despite the develop-
mental course which the areas of Gamba and Tingri have generally in common, there are 
distinct differences between both areas if going into details; they will be discussed in the fol-
lowing chapters. . 
5.3.1 Pelagic Facies Development until the Campanian 
Between the Late Albian and the Campanian inclusively, the history of the depositional environ-
ments of Gamba and Tingri demonstrates over large intervals of time a parallel course of 
pelagic sedimentation. This changes fundamentally during the Maastrichtian and since then --
until about the Montian -- both areas have sedimentologically distinct individual characteristics 
(Chap. 5.3.2). 
The parallel course of development is reflected for example in the fact that the transition from 
the open marine basin sedimentation (FZ lA) to that of the open sea shelf (FZ 3) happened in 
both areas during the Santonian about simultaneously. Lithofacially, the transition is manifest 
in the relatively abrupt rapid changes from the marlstones and calcareous marls of the Gamba 
Group (thickness between at least 600 m in Tingri and 1000 m in Gamba (Formation 3) to the 
strikingly distinct, evenly banked limestones of the Zongshan Formation (in Gamba: Lime-
stone I) with a thickness between 50 m (Gamba) and about 150 m (Tingri). Biofacially, the 
partially terrigenously influenced mud- and wackestones of the Gamba Group are characterized 
in the first place by planktic foraminifers, spicules, and ammonites (MF lGT, 3GT), in Tingri 
furthermore particularly by filaments (MF 4T). In the Zongshan Formation influenced general-
ly by more intensive bioturbations; calcispheres are distributed, however, as typical pelagic 
organisms of the open marine outer shelf (MF 5GT); terrigenous supplies are scarcely obser-
ved in this depositional environment. 
Apart from this basically coinciding sedimentological development, differences can, however, 
be stated. Thin accumulations of microbioclastic material from adjacent shallow-water environ-
ments (MF 2GT) can occur temporarily in both areas, which on the whole, however, has only 
negligible effects on sedimentary processes. In Gamba on the contrary, the influence of an adja-
cent carbonate producing platform is noticed more distinctly during the Campanian. Thin and 
sharply limited crinoid turbidites deposited by turbidity flows (MF 8G) and micro-lithoclastic 
peloid grainstones (MF 7G) developed within Limestone I of the Zongshan Formation. 
Comparable allochthonous (turbiditic) limestones cannot be observed in Tingri. On the other 
hand, especially during the Upper Albian through the Turonian of Tingri, relatively continuous 
detrital quartz supplies were deposited into the basin (FZ lA) and on the shelf margin (FZ 2); 
therefore, the deposits there have a more hemipelagic character. 
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The most profound difference in the older sedimentary history of Gamba and Tingri lies in the 
distinctly differing basin development in the interval before the Upper Albian. From the Neo-
comian through the Upper Albian, a basically cut-off euxinic basin (FZ lB) in which silici-
clastic sediments preponderantly free of biogens are deposited existed in the Gamba area. 
Because of the influx of large masses of fine argillaceous and siliceous material in Gamba 
during the interval in question, thicker sedimentary series are presumably deposited there than 
in Tingri, although an exact evaluation of the sedimentary rate is not possible due to the lack of 
more exact biostratigraphic data. The normal sediment consisting of clay- and siltstones is inter-
calated at irregular intervals by detrital accretions, which can be thicker than one meter, 
resulting from debris and turbidity flows; sometimes thin allodapic limestones are intercalated. 
The sandstone dykes connected with the sandstone turbidites can be interpreted as sedimentary 
accumulations of fissures and junctures developed before at the sea floor. 
While these siliciclastic sediments free of biogens were deposited in Gamba (FZ lB), a pelagic 
open marine basin development (FZ lA) terrigenously little influenced took place in Tingri, at 
least since the Aptian. Obviously, this sedimentary process in Gamba is due toa locally re-
stricted paleogeographic configuration. Over a longer interval of time, a separate basin area 
might have been isolated by sills from the open sea, the result of which was a stagnation of the 
lateral water circulation and the development of a density stratification of the water column 
accompanied by an anaerobic environment at the sea floor. For this reason, sedimentation is 
dominated by terrigenous material input from adjacent erosional areas. Allochthonous bioclastic 
intercalations in the form of distal tempestites demonstrate episodic (storm) events (Aigner 
1985). A pelagic sedimentary environment along with the diversification of planktic biota and 
beginning bioturbations prevails only hesitantly during the Late Albian. 
5.3.2 Paleogeographic Changes during the Maastrichtian 
After the sedimentation took an essentially parallel course in Gamba and Tingri during the 
Upper Albian through Campanian, since the Maastrichtian, however, the further shelf develop-
ment is dependent on larger paleogeographic changes which result in both areas in an 
individual character of the sedimentary processes. While a relatively stable carbonate platform 
can be established in the Gamba area until the Late Maastrichtian, a continental slope is formed 
in Tingri in the same interval of time and beyond it until the Lower Paleocene. This continental 
slope is characterized by the deposition of sandstone turbidites, mixed siliciclastic-carbonatic re-
sediments and sandy deltaic accretions. 
The transition into the shallow-water environment of the carbonate platform in Gamba takes 
place successively: In the lower half of Limestone II of the Zongshan Formation, there are even 
stronger intercalations between the deposits of the moderately inclined, deeper subtidal plat-
form slope (FZ 4) temporarily still pelagically influenced and those of the higher-energetic, 
partially intertidal platform margin (FZ 5; Fig. 40). The development of the platform which pro-
grades over autochthonous sediments of the slope and the proximal outer shelf seems to be 
controlled basically by the interplay between carbonate production rate, local subsidence and 
eustatic sea level changes. More profound paleogeographic radical changes have not been 
found in this area. The sedimentary process is shifting, however, gradually between zones of 
the platform margin (FZ 5) and the protected, open marine carbonate platform (FZ 6). 
On the whole, the Members Limestone II and Limestone III of the Zongshan Formation 
produced in the range of the platform are characterized by one and two regressive cycles respec-
tively. The cycles begin each with pure, terrigenously not influenced limestones of the platform 
margin which are influenced upward increasingly by detrital quartz accumulations during the 
regressive development, i.e. of the nearshore shifting of the depositional environment. In Lime-
stone III striking condensation horizons built up by masses of orbitoid larger foraminifers 
develop in connection with temporarily considerable diminution's of the sedimentary rate - as a 
result of renewed transgressive phases. 
The sediments of the high-energetic platform margin consist on the one hand of well-win-
nowed intra-/bioclast lime sands with Orbitoides and fragments of inoceramids and echino-
derms (MF lOG; FZ SA), and on the other hand of rudist biostromes (MF 11G; FZ 5B). At 
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various times, further propagations of the biostromes are prevented by intensified supplies of 
detrital quartz. The open marine platform (FZ 6A) protected leeward by the shoals, is originally 
colonised particularly by the larger foraminifers Orbitoides media and Omphalocyclus macro-
porus. 
An increased diversity in biota, above all as a result of the strong propagation of calcareous 
algae can be noted in the Member "Rhodolites" during the Upper Maastrichtian. The larger fora-
minifers are replaced during time initially by udoteaceans (especially by Ovulites; · MF 140) 
and dasycladaceans (especially Cymopolia; MF 150). Red algae follow immediately playing a 
predominant role; corallinaceans (Archaeolitlwthamnium, Lithothamnium), the squamariacean 
Ethelia alba and solenoporaceans are of special importance in the formation of rhodoids 
(MF 160). Solitary corals, rudists (radiolitids), sponges, and stromatoporoids are spreading in 
association with the red algae. The rhodolite bars and small patch reefs develop in nearshore 
areas (FZ 6B) where they are exposed temporarily to stronger supplies of detrital quartz. The 
further development of the shallow marine lime sedimentation is interrupted in Oamba until the 
Middle Paleocene by the establishment of quartz sand barriers (FZ 7 A) of the lidula Formation. 
The above described characteristics of the differentiated carbonate platform in Oamba are not to 
be found in the Zhepure Mountain area near Tingri. About the time when the carbonate plat-
form is established in the CampanianlMaastrichtian boundary in Oamba, an interruption of sedi-
mentation, which comprises the interval of the Lower Maastrichtian, begins to take place in 
Tingri. The shelf becomes instable and the further sedimentary history from the Middle Maas-
trichtian through the Lower Paleocene is characterized by the distinctly dynamic development 
of a regionally restricted continental slope. The hemipelagic background sedimentation charac- \ 
terized preponderantly by masses of calcispheres is interrupted within the Zhepure Shanpo 
Formation by sandstone turbidites (MF 35T). They developed - fed by strongly prograding 
delta fans - in zones of the middle and deeper continental slope. During the Lower Paleocene, 
they are accompanied moreover by extraclasts of a shallow-water facies of the Maastrichtian 
consisting of reworked orbitoid and calcarenid foraminifera and rudist debris. Presumably this 
stratigraphically older debris material was eroded in connection with the formation of a cliff and 
were redeposited in the range of the upper slope (MF 33T). . 
The strong detrital material input led to a sedimentary rate lying above the subsidence rate. In 
the course of the resulting increasing shallowing of the depositional environment, the quartz 
sandstones of the lidula Formation are deposited immediately after the mixed carbonatic-silici-
clastic resediments from an offshore prograding delta front. In contrast to Oamba, a carbonate 
platform can establish in Tingri for the first time only after the gradual disappearance of these 
terrigenous accumulations and the general stabilisation of the sedimentary environment. 
5.3.3 The Jidula Formation: Sandstone Accretions at the 
Cretaceous/Tertiary Boundary 
At the Cretaceous/Tertiary boundary, the further development of the depositional environment 
of Oamba and Tingri is influenced by paleogeographic changes and above all by fundamental 
changes of the hinterland. These radical changes at the northern margin of the Indian subconti-
nent and the shelf result in a strong supply of siliciclastic material. The lime production slowed 
down considerably or was replaced for the most part by the input of terrigenous erosional 
products. During this time, prominent sands tones are deposited not only in the Oamba area but 
also in the Tingri area. 
The two quartz sandstone complexes (Member I and 11) of the lidula Formation, which are 
intercalated by a black limestone (Member 11), develop in Oamba from the late Maastrichtian 
through the Middle Paleocene (Angulata Zone) . Lithofacially comparable sandstones which are 
also denominated as lidula Formation develop in Tingri approximately during the Lower Paleo-
cene. In contrast to Oamba, however, they there consist of one continuous stratigraphic 
sequence. The sandstones have to be correlated strati graphically presumably with the upper 
sandstone (Member Ill) of Gamba. 
Despite the comparable sedimentary-petrologic composition of the lidula Sandstones of Oamba 
and Tingri, they have, however, a different genetic history in both areas and developed under 
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different depositional conditions. This is due to the respective regional paleogeographic 
conditions and the topographic configurations of the depositional environments in which the 
terrigenous material was accumulated. 
As a consequence of the strong terrigenous supplies, in Gamba barriers of quartz sands tones 
(FZ 7 A) developed in nearshore areas of the platform. The lower sandstone (Member I) is 
deposited during a regression from a seaward prograding barrier, i.e. within the subtidal shore-
face zone and the intertidal foreshore zone. The marine character of these sands tones is proved 
by the Skolithos ichnofacies. 
Leeward protected, more frequently also largely cut-off bays and lagoons (FZ 7B) with stag-
nating water circulations are separated by the sandstone barriers paralleling the coast from the 
open marine platform (FZ 6A). The temporarily bad aeration of the bottom waters led to the for-
mation of black limestones (MF 17G). However, the sufficient penetration of light in the water 
allows sometimes the propagation especially of Ovuliles and a few dasycladaceans. The lagoo-
nal limestones presumably still belonging to the uppermost Maastrichtian represent the 
strongest regressive trend within the stratigraphic sequence of the Cretaceous/Tertiary boun-
dary of the Gamba area. 
The overlying upper sandstones (Member Ill) developed by a renewed nearshore migration of 
the quartz sand barriers reacting to a transgression. They are deposits of the middle to the upper 
shoreface zone. The continuing increase of the sea level leads during the Middle Maastrichtian 
to the drowning of the quartz sand barriers. 
In contrast to Gamba, the sedimentary process in Tingri is influenced at the Cretaceous/Tertiary 
boundary by more profound morphologic changes of the marine environment. During the 
Middle/Upper Maastrichtian and the Lower Paleocene, the terrigenous erosional products are re-
deposited as distal (FZ 2) but mostly as proximal (FZ 4) turbidites into deeper subtidal environ-
ments of a continental slope which developed there (MF 35f). The quartz sandstones deposited 
in the Zhepure Shanpo Formation mostly in the form of fining upward and thinning upward 
cycles are intercalated within a hemipelagic background sedimentation dominated by calci-
spheres (MF 5GT/6GT). In the Lower Paleocene - during the assumed formation of a cliff -
the detrital quartzes are accompanied increasingly by Maastrichtian limestone extraclasts 
(MF 33T) which are already eroded at this time. 
The strata of the lidula Formation consisting predominantly of pure quartz sandstones, mainly 
free of fossils are deposited in the Tingri area in a shallow marine delta front (FZ 4) which pro-
grades offshore over the mixed siliciclastic carbonate resediments of the proximal continental 
slope. 
5.3.4 Lower Tertiary: Carbonate Sedimentation and Final ' Stages of Marine 
Sedimentary History 
When the interval of larger paleogeographic radical changes on the Indian shelf and the indi-
vidual sedimentological evolutionary history of the Gamba and Tingri areas lasting from the 
Middle Maastrichtian through the Lower Paleocene has ended, the sedimentary processes in 
both areas begin to resemble again approximately during the Middle Paleocene. The fast and 
complete termination of detrital terrigenous material input which are deposited in the quartz 
sandstones of the lidula Formation are characteristic of this renewed radical change of the pal eo-
geographic configuration. A strong (global) rise of the sea levelled to the inundation of the 
quartz sand barriers in Gamba within the Angulata Zone, and the delta plains in Tingri. Simul-
taneously the hinterland supplying the siliciclastic erosional products changes profoundly 
owing to the transgression as well. These paleogeographic reworkings result in the termination 
of the strong terrigenous effects on the depositional environments. 
The transgression led to the fact that the sandstones of the lidula Formation are overlain with a 
distinct lithofacial contact by the well-bedded limestones, to a large degree also nodular lime-
stones, calcareous marls, and few marlstones of the Zongpu Formation in Gamba (Fig. 45) 
and the Zhepure Shan Formation in Tingri . However, a sedimentary process coinciding in 
Gamba and Tingri up to many details begins only about the Montian/Thanetian transition. In 
contrast to this, the more exact time correlation of the events during the Danian/Montian is not 
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possible due to the lack of more detailed biostratigraphic data. It is, however, assumed that the 
accumulations of terrigenous material in Gamba need a longer interval of time than in Tingri 
and continue there until the Middle Paleocene. 
At this time, shallow marine, terrigenously not influenced sedimentary conditions of a carbo-
nate platform have already established in Tingri. While a platform can establish in Gamba for 
the first time already during the Maastrichtian (Zongshan Formation) - i.e. before the depo-
sition of the lidula Formation - the paleogeographical and paleoecologic conditions necessary 
for such a process are given in Tingri only during the Danian?/Montian (Zhepure Shan 
Formation), i.e. only after the terrigenous accretions. 
A large multitude of facies types restricted solely to Tingri (Members 1111) develops upon this 
platform morphologically more intensely differentiated. Frequent interfingerings of the facies 
types are provoked by the repeated shiftings of sedimentation processes into various depo-
sitional environments. Ooid sands having a high percentage of allochems (MF 28T) are 
deposited on high-energy shoals of the platform margin (FZ SA). In the range of the leeward 
adjacent open marine carbonate platform (FZ 6A), the deposits consist mainly of biomicrite and 
biosparite dominated by green algae (MF 18T/19T). During the Montian, rhodolite bars (FZ 
6C) develop combined with smaller patch reefs upon which a highly diverse association of 
organisms propagates (MF 19T/20T): For example corals, sponges, and corallinaceans, squa-
mariaceans (Ethelia alba), solenoporaceans and encrusting foraminifers, which participate in 
the formation of rhodoids. The bars temporarily form islands reaching above the sea level and 
are thus exposed locally to the influence of freshwater vadose diagenesis. In the restricted 
lagoons (FZ 7B) protected by the bars, small-sized miliolids propagate as the dominant part of 
biota which in some layers appear frequently together with aggregate grains (MF 29T/30T). 
After this peak of regressive development within the Zhepure Shan Formation, a long lasting 
transgressive trend - at the beginning with deposits on the open marine platform - begins presu-
mably still during the Montian after the terminal occurrence of the rhodolite facies. It begins 
with the strong propagation of rotaliids, initially also of green algae, particularly of Ovulites 
(MF 21GT). The depositional environment at about the Montian/Thanetian boundary is colo-
nised temporarily by the large foraminifers Keramosphaera along with Sphaerogypsina 
globulus, (MF 22GT). 
It is assumed that the packstones of MF 22GT characterized by these foraminifers in the range 
of Bank 8 of the Zhepure Shan Formation in Tingri (Willems 1993: fig. 16) are of the same 
interval of time as those of Bank 9 of the Zongpu Formation (Fig. 45). This results in the fact 
that the transgressive sedimentary history of Member I of the Zongpu Formation can be cor-
related with the one of Member III of the Zhepure Shan Formation. The basically congruent 
paleobathymetric history between Gamba and Tingri begins with these deposits (MF 
21GT/22GT). It comprises the interval of the Thanetian and partially also of the Ilerdian. A dif-
ference in the initial phase of the history consists in the fact that the distribution of normal 
marine organism groups prevails in the basal strata of Member I of the Zongpu Formation -
immediately above the lidula Formation - considerably more hesitantly in Gamba than at the 
same time in Tingri. There are, however, striking biofacial parallels between both areas which 
particularly concern the (also quantitative) existence of rotaliids, miliolids, vemeuilinids, 
Keramosphaera, dasycladaceans (Trinocladus), udoteaceans (Ovulites, Halimeda), and echino-
derms. 
In the course of the continuing transgression during the Thanetian, deeper depositional environ-
ments of the open sea shelf (FZ 3) situated mostly below the normal wave base are colonised 
by larger foraminifers . The colonisation coincides to a large extent between Gamba (Members 
I1III) and Tingri (Member IV). Dominant groups are Miscellanea miscella, Ranikothalia; and 
Discocyclina along with Operculina, rotaliids, miliolids, verneuilinids, and dasycladaceans 
(MF 23GT). During the transition into the Ilerdian, the depositional environments are shifting 
in both areas into shallower subtidal zones of the open marine platform (FZ 6A) where the sedi-
ments are more intensely winnowed (MF 24GT). That development takes place parallel to the 
disappearance of the above mentioned larger foraminifers and the propagation of Alveolina, 
Orbitolites, originally even of small-sized Nummulites, and of Lithoporella. 
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This regressive trend continues in the Oamba area to an increasing extent and results there 
finally still during the Ilerdian in the complete regression of the sea. Very shallow lagoons and 
marginal marine coastal ponds and lagoons cut-off from the open sea (FZ 8) developed, in 
which the greenish-grey marls poor or free of fossils and red c1ay-/siltstones as well as fine 
sandstones of the Zongpubei Formation are deposited. The lagoons are exposed to stronger 
variations in salinity. On the one hand, they are colonised temporarily by mollusks, which are 
already adapted to a brackish environment, and on the other hand they contain evidence of a 
hypersaline environment in the form of authigenic bipyramidal quartzes (MF 260/270). 
The situation in Tingri differs, however, from the one in Oamba. There, the marine sedimen-
tary history continues during the Ilerdian and Cuisian, partially still until the Lutetian. A re-
newed deepening of the sedimentary base occurs there temporarily and locally. In addition to 
Alveolina and Orbitolites, large-sized Nummulites along with Assilina and Asterocyclina 
dominate at this time also the depositional environment (MF 25T). The exact time of the 
complete regression of the sea cannot be determined on account of a tectonic fault cutting the 
Zhepure Shan Formation at the top. However, the post-marine deposits are formed in the 
Tingri area as well by the sediments of the Zongpubei Formation. 
Microfacial and sedimentological criteria lead to the consideration to what extent a ramp deve-
loped in the areas of Oamba and Tingri at the transition from the Montian to the Thanetian. 
Evidence of higher-energy deposits of a platform margin are, however, absent in the sequences 
of the Thanetian and Ilerdian. The sedimentary environment might have been formed by a · 
morphologically only very slightly differentiated, homoclinal ramp located on an only very 
moderately inclined sea floor. The sedimentary process took place for the most part below the 
normal wave base but well within the euphotic and aerated zones. 
Thus, the marine sediments of the Tibetan Tethys Himalaya investigated in the areas of Oamba 
and Tingri (South Tibet) comprise the strati graphic range from Upper Aptian (partly even Neo-
comian) to Eocene (Lutetian). They represent a complete record of the last stage of the depo-
sitional and tectonic evolution along the northern continental margin of the Indian subcontinent, 
the passive southern margin of the Tethyan Ocean. The investigated sequence is approximately 
3500 m thick. 
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6. Itinerary 
The location of the outcrops and the excursion route can be found on Fig. 31. A geologic map 
of the main parts of the visited area is shown in Fig. 32. 
6.1 First Day - North of Lhasa, Cretaceous shallow-marine and continental development on 
the Lhasa Block 
Drive from Lhasa to Linzhou County (N of Lhasa) through Lower Cretaceous sediments of the 
Linbuzong, Chumulong, and Takena Formations and through plutonites of the Gangdese Belt. 
Locality 3.6.-1: Biaoxin Section (Pengbo Basin) in the Linzhou County, north of Lhasa 
Description: The Cretaceous of the Pengbo Basin has been divided into the Linbuzong, Chumu-
long, and Takena Fms (Lower Cretaceous) and Shexing Fm. (Upper Cretaceous). Except of 
the marine beds of the Takena Fm., all other formations are of non-marine or transitional 
facies. The 581 m thick Takena Fm. (Aptian to Albian) overlies conformably the underlying 
Linbuzong Fm. The Takena Fm. is composed of dark-grey and greenish-grey shales, silt-
stones, and sandstones. Fossils are abundant, such as the larger foraminifers Orbitolina 
tibetica, O. minuta, O. planoconvexa, O. trochus, the ammonites Deshayesites sp., Acantho-
hoplites sp., Parahoplites sp., Hypacanthohoplites sp., and Uhligella . Bivalves, corals, and 
gastropods are present. 
The Takena Fm. is succeeded by the Upper Cretaceous Shexing Formation. The 1015 to 2300 
m thick Shexing Fm. consists of red to purple sands tones and mudstones, which are inter-
calated with greyish-green shales. The fossil content exhibits the ostracods Altainicypris sp., 
Scabriculocypris spp., Cypridopsis sp., and some bivalves. 
The overlying Lingzizong Formation was originally thought of Upper Cretaceous age. This for-
mation is composed of reddish volcanic rocks. Isotope data show a 50 to 60 Ma age, thus the 
Lingzizong Fm. belongs possibly to the Paleocene. The contact to the underlying Takena and 
Shexing formations is unconformable. 
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6.2 Second Day - Lhasa-Gyangze, Upper Cretaceous trench and basin plain facies 
Drive from Lhasa to Quxu Bridge southward through the Lhasa He valley. The valley has a 
Quaternary sediment fill, to the east and west are plutonites of the Gangdese belt and few 
shales and sandstones. 
Locality 4.6.-1 (optional): Diorite south of Quxu Bridge 
Description: (after Academia Sinica 1980) The diorite is located at the southern end of the Gang-
de se magmatic belt. The isotopic ages of the diorite are 79 to 82 m.y. (by correlation with the 
Chuka rock body). The diorite is fresh with medium-coarse, granular texture. Hornblende and 
intermediate-basic plagioclase occur together, constituting the major part of the rock. One of its 
characteristics is the content of hypersthene and pyroxene. Both minerals are partially replaced 
by hornblende. Petrographically the diorite is referred as Hypersthene-Pyroxene~Diorite. 
Drive Quxu Bridge-Kamba La Pass. We are crossing the Indus-Yarlung Suture Zone (IYSZ) 
and enter the Tibetan Tethys Himalaya. To the east and west, Triassic deposits are marked on 
geologic maps (e.g., Academia Sinica 1980). 
Locality 4.6.-2: Kamba La Pass (short stop, landscape) 
Drive: Kamba La Pass-Nagarze along Lake Yamdrok Yam Tso. The lake measures 678 km 2 in 
surface with a drainage area of 6100 km2. The depth averages 20-40 m, the deepest measure-
ment is 59 m. We are driving through Mesozoic sediments - from the Triassic around Kamba 
La Pass and at the north shore of Lake Yamdrok Yam Tso into the Jurassic N of Nagarze, up 
to the Triassic and Cretaceous S of Nagarze (Academia Sinica 1980). From Nagarze, the excur-
sion route goes westward over the Karila Pass towards Gyangze through Triassic and Creta-
ceous sediments (Fig. 32). Liu (1992: 172f) described 200 to 300 m of Coniacian pelagic dark 
shales (Duojiu Formation) and over 1200 m of Campanian-Maastrichtian trench basin sedi-
ments (Yamzho Yumco Group) from this area. The Santonian is missing. 
Locality 4.6.-3: Profile S17 of Liu (1992: 170), Kangwang section, 10 km NE of Jiabula, ap-
proximately 30 km E of Gyangze, 5 km N of the road Gyangze-Nagarze. Chaotic deposits and 
trench plain f acies of the Upper Cretaceous. The profile S 17 itself is not exposed along the 
road Lhasa-Gyangze, it was measured app. 5 km north of the road. Rocks equivalent to those 
recognized in section S 17 can be examined along the main road. 
Description: (after Liu 1992: 170f) The chaotic trench deposits consist of interbedded conglo-
merate, coarse sandstones, and sandy shales, with overlying thick black shales and massive 
mudstones (Zongzhuo Formation p.p.). Three main lithofacies units were recognized in the 
section (Liu 1992: fig. 2-4-22): (1) abyssal plain facies, (2) trench fan facies, and (3) an axial 
channel belt facies. 
(1) Abyssal plain facies: This facies formed in a deep-water trench center relatively free from 
coarse turbidites . The over 100 m thick abyssal deposits consist of carbonate concretion-
bearing massive black shales and mudstones (above CCD). Intercalated are thin-bedded, distal, 
silty and fine-sandy turbidites, which increase upward in frequency. Belemnites are visible in 
the lime concretions. Poor water circulation in the trench may be the major factor that led to the 
formation of the thick black massive mudstone and shale. The lack of fossils in the black shales 
points also to anoxic conditions. 
(2) Trench fan facies : This facies represents the trench marginal turbidites from both the conti-
nental margin and the accretionary prism slope. Interstratified thin beds of black shales, silt-
stones and fine-grained sandstones compose the lithofacies. Bed thickness varies from 5 to 15 
cm, and the siltstone and sandstone beds increase upward in frequency. The Bouma sub-
divisions B, C, E and subordinate A, D were recognized by Liu (1992), and interpreted to 
reflect a middle to outer fan setting. The petrology of lithoclasts in this facies points to a 
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southern source area. Clasts derived from the accretionary prism have been found in places. 
(3) Axial channel belt facies: This facies comprises coarse clastic lenses formed along the axis 
of the trench basin. These lenses represent sediments of longitudinal turbidity currents and/or 
mass flows. The interpretation of the upper part of the Kangwang profile as axial channel turbi-
dites is based on four reasons: 
Firstly, the 0.2 to 5 cm sized clasts came from two sources. The contribution of the shelf-slope 
lithologies (limestones and siliciclastics) varies from 20 % in the conglomeratic sandstones to 
60 % in the conglomerate. The contribution from the accretionary prism (radiolarian chert, 
pelagic limestones or shales, and predominant basic volcanics and igneous rocks, as well as 
ophiolites) ranges from 40 % in the conglomerate to 80 % in the conglomeratic sandstones. 
Due to the higher portion of oceanic floor basalt clasts in the conglomerate, the depositional site 
of this section may have been somewhat closer to the accretionary prism than to the passive 
margin (Liu 1992). 
Secondly, the lens-shaped conglomerates and sandstone bodies are superimposed with ero-
sional contacts and exhibit a fining-upward trend. These features indicate that they represent 
channel fills of braided channel belts. 
Thirdly, the fining-upward sequences from conglomerates - cross-bedded conglomeratic sand-
stone - cross-bedded coarse sandstone - shales is similar to classic sequences of coarse-
grained turbidites or mass flow sediments (Stow 1986, Einsele 1991). 
Finally, paleocurrents derived from cross-bedding and the imbrication of coarse clasts vary bet-
ween NW and N, oblique to the dip of the paleoslope (NNE). Subtle variations of paleocurrent 
directions between the lenticular channel-fills or between the younger and older channelsand-
bodies may be the result of lateral meandering of the braided channels and bars. Furthermore, 
the gravels, cobbles, and pebbles are rounded and imbricated, indicating that they experienced 
long-term reworking and transportation. 
Drive in direction to Gyangze 
Localitv 4.6.-4: Profile S16 of Liu (1992: 146, 167), liabula section, N of liabula, approxi-
mately 20 km E of Gyangze. Chaotic deposits and trench plain facies of the Lower and Upper 
Cretaceous (Fig. 33). 
Description: The Lower Cretaceous part of the profile is dominated by deep-water deposits com-
posed of black calcareous shales, siliceous shales with three horizons of passive margin type 
olistostromes, and accompanying turbidites. Fossil assemblages of planktic foraminifera, radio-
laria, ammonites, belemnites, and thin-shelled bivalves have been found in the black shales and 
in the siliceous shales. The olistostromes were deposited at the toe~of-slope (Fig. 33). The 
lowermost olistostrome horizon consists of various shallow-water sedimentary clasts, ranging 
in size from several millimeters to over ten's of meters. The matrix is composed of black shales 
and sands tones. The clasts are irregular in shape and show sometimes deformed inner struc-
tures. Some contain shallow-water fossils of the same age as the surrounding deep-water 
matrix. These features indicate that the majority of clasts were derived from loose or semi-con-
solidated shallow-water deposits of a passive continental margin. 
All three chaotic horizons are mainly caused from by gravity sedimentation, reflecting that 
relative steep slopes repeatedly developed during the early Cretaceous. Contrary to that, the 
depositional environment of the matrix (siliceous and black shales) indicates a low-energy 
environment. This may indicate a change in the gradient of slope or catastrophic events related 
to the chaotic deposits. The steepening of the continental slope of the Indian plate may be 
related to the beginning subduction of oceanic crust beneath the Eurasian plate in the Lower 
Cretaceous (Liu 1992: fig. 2-4-9). 
The Upper Cretaceous chaotic deposits are vastly exposed in the eastern and northern areas of 
Gyangze and are represented by the upper part of the Zongzhuo Formation (Fig. 6). Except 
detritus of shallow-water sands tones and limestones, there are considerable amounts of gravel 
and boulders having originated from pelagic siliceous shales, carbonates, and oceanic inter-
mediate to basic rocks (Fig. 33). The clasts are irregular in shape and range in size from several 
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millimeters to about 20 m. In thin section, the volcanic clasts show an agdaloid structure and 
vitreous, pilotaxitic, or tholeiitic texture. This indicates that basalts and andesites were the 
source rocks. The siliceous clasts are multi-coloured and rich in radiolaria. The clasts of the 
pelagic limestone came from red and grey micritic carbonates, and contain abundant planktic 
foraminifers and some radiolaria (Liu 1992: pI. 14-3). The occurrence of this material indicates 
the uplift of parts of oceanic crust by large-scale thrusting in response to the convergence of the 
continental margins during the Upper Cretaceous (Liu 1992). 
Drive to Gyangze through Cretaceous sediments. Another very good profile in the Gyangze 
area is the Yonla Pass section alongthe road Gyangze-Rinbung (section S18 in Liu 1992: fig. 
1-2). There, the Upper Cretaceous sedimentary evolution from a normal continental slope to a 
trench basin fill can be studied. 
6.3 Third Day - Gyangze-Gamba 
Drive Gyangze-N of Kangmar. Gyangze is situated in the Nyang Qu river valley with Quater-
nary fluvial deposits. At the top of the hill that governs Gyangze stand the remnants of an old 
fortification. This fortification was seized and destroyed during the British invasion 1904. 
Driving southward, Cretaceous and lurassic strata are situated east and west of the road (Fig. 
32). 
Locality 5.6.-1 (optional): N of Kangmar, section SlO from Liu (1992: 90-91). Early to 
Middle Jurassic outer ramp deposits. The section was also described in Wen Shi-xuan (1974). 
Also outcropping (from North to South): lower Cretaceous deposits, lurassic sediments, and 
Permo-Triassic sediments. 
Description: (a) Permian: The northward progradatiori of a Permian carbonate platform can be 
studied along the Lhasa-Yadong main road (Liu: fig. 2-1-7, p. 33f). The platform limestones 
consisting of skeletal grainstones and packs tones built up on inner shelf facies of dark-grey 
silty shales and thin storm beds (distaltempestites). The top of the Permian carbonate platform 
near Kangmar represents a paleo-karst surface. More northward, however, the Permian carbo-
nates pass continuously into Triassic shales (Liu 1992: 35) 
(b) lurassic: A more than 900 m thick Lower to Middle lurassic profile can be studied along 
the roadside of the Gyangze-Yadong main road (Fig. 34). The following lithological sub-
division was elaborated from the base to the top: 
(1) 50 m of grey, calcareous shales, mudstones, and micritic limestone rhythmites, each 
rhythm about 0.5 m in thickness, with a diabase dike at the top. 
(2) Lower part: weakly bioturbated, laminated and granular pyrite-rich dark-grey marl with 
thin limestone lenses and storm-derived sandstone layers. Upper part: dark-grey and black 
calcareous shales with storm-derived layers and lenses of fine-grained sands tones and 
some pyrite concretions (Liu 1992, pI. 9-2). More than 100 m in thickness. 
(3) 13 m of grey massive ironstone composed of 30 to 40 % siderite and pyrite particles or 
ooids within a calcareous, muddy matrix. Intercalated is a 1.5 m thick green mudstone. 
(4) 40 m of weakly bioturbated, yellowish-brown calcareous shale containing abundant 
granular pyrite and siderite concretions, with two thin beds of ironstone and thin inter-
calations of limestone. 
(5) 47 m of laminated dark-grey, silty shale with abundant granular pyrite (up to 20 %). 
(6) 20 m ironstone like (3). 
(7) 143 m of weakly bioturbated shales with some granular siderite and pyrite (up to 2 mm in 
size). Diabase dikes intrude the upper part. 
The sediments of ( 1) to (4) represent a deepening-upward sequence. The environment evol ved 
rapidly from inner to outer shelf settings. The oolitic ironstones may mi;lrk low deposition rates 
and slightly anoxic conditions. They may be reworked and concentrated during a regressional 
. phase. 
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Fig. 34: Lithological column and interpretation of the Early and Middle Jurassic in southern Gyangze, along the 
roadside of the Lhasa-Yadong highway (section S 10). After Liu (1992: fig . 2-3-8). 
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(c) The Lower Cretaceous sediments in the profile are mainly composed of several hundreds of 
meters of thin-bedded grey shales, silty shales, siltstones, and sandstones. Thin-shelled bival-
ves, ammonites, belemnites, brachiopods, and gastropods were found in these deposits (TRGT 
1983). The siltstones and silty shales possibly accumulated as overbank deposits of a deep-sea 
channel system. A gentle slope is assumed in the Kangmar area, because of the absence of 
slump deposits. 
Drive N of Kangmar-Gamba, first on the main road towards Yadong, then at a small road that 
bifurcates near Gazla (or Gala) towards Gamba. The excursion route crosses sediments of the 
Quaternary, Cretaceous, Jurassic and Triassic (Fig. 32). The Cretaceous sediments there are 
partly topped by Paleocene carbonates. 
If there is time, the first part of the Gamba section will be examined in the late afternoon of June 
5. The Gamba section is described in 6.4. 
6.4 Fourth Day - Upper Cretaceous and Lower Tertiary around Gamba 
6.4.1 Locality: Gamba section (Willems 1993, Willems & Zhang 1993a, profiles S19 & S20 in 
Liu 1992). Location see Figs. 31, 32, and 35. Starting point: Albian-Turonian, E/NE of 
Gamba, hemipelagic and pelagic shales of Gamba Group, then walking to sections CA and D. 
Examination of sections CA (Willems 1993, Santonian, Zongshan Fm.), D (Campanian-Maas-
trichtian, Zongshan Fm. ), E (Jidula Fm.), F (Paleocene, Zongpu Fm.) during the day. The 
names of villages and other localities on which these terms of the lithological units are based 
have been transliterated in different ways by different authors. This resulted in a great number 
of synonyms, like, e.g., Kampa, Kangpa, Kangba, or Gangba for Gamba (see also Mercier & 
Li 1984). 
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Fig. 35: Sketch map showing the geographical position of the sedimentologically and microfacially studied 
Sections A, B, C, CA, D, DA, DB, E, F, G, I, and K in the area of Gamba located approximately 20 to 30 km 
northeast of the border of Sikkim. 
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6.4.2 Description: (after Willems & Zhang 1993a) 
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This description is based on sections 
(Fig. 35) most of which are suitable 
for biostratigraphical and special micro-
facial evaluations and for which sam-
ples have been taken accordingly in 
the field . In the following descrip-
tions, the overall strati graphic sequen-
ce will be divided into different litho-
stratigraphic units (Groups, Forma-
tions) and further sub-units (Mem-
bers) under lithofacial aspects. Most 
of the designations of the units go 
back to terms introduced either by Hay-
den (1907) or mainly by Mu An-tze et 
al. (1973: 106) and Wen Shi-xuan 
(1974). 
6.4.2.1 The Gamba Area 
The Gamba region is geologically 
dominated by a syncline striking ap-
proximately E-W with a southward 
vergency and overthrusting, especially 
within the northern limb. The syncline 
has become a morphologic elevation 
by relief inversion and forms the·25-
km long mountain chain continuing 
eastward from Gamba to Tatsang 
("Gamba-Tatsang Range" in Fig. 35). 
The creek bed of the Zongpu river 
flowing from east to west is situated in 
the center of the syncline. A slight dip-
ping of the synclinal axis to the east 
can be noticed generally. It is locally 
compensated, however, to a large ex-
tent by antithetic normal faults since 
the western blocks are dropped down 
relatively displaced along the cross or 
oblique faults dipping westward. 
Fig. 36: Synthetical overall section of the 
Cretaceous-Lower Tertiary strata series in the 
region of Gamba showing the correlation of 
the Sections A, CA, D, DA, DB, E, F, and 
K (Fig. 35). These sections are the basis of 
the lithological investigations of the litho-
stratigraphical units (Groups, Formations, 
Members). - L.II = Limestone 11; C.II = 
Calcareous Marl II ; R = Rhodolite. Legend 
see Fig. 30. 
The twelve sections (A, B, C, CA, D, DA, DB, E, F, G, I, K) of which four or five will be exa-
mined during this excursion are located in the immediate surroundings of Gamba and further to 
the east (Fig. 35). All these sections are situated in the center of the syncline or in its southern 
flank dipping 30° to 40° N. The section CA in the mountain area comprising the fortress 
"Gamba Dzong" is limited by cross faults and reflects a tectonically isolated position. The 
mountain morphologically isolated as well consists of the well-bedded limestones of Lime-
stone I of the Zongshan Formation and constitutes the type locality of the upper Cretaceous 
"Kampa Limestones" according to Hayden's definition (1907: tab. 8, fig. 2; see also Gansser 
1964: 183). 
The studied strati graphic sequence is in total about 4200 m thick; the stratum thicknesses 
actually deposited primarily, however, are distorted by reverse faults and overthrusts which run 
parallel to the bedding planes, and thus presumably have to be corrected considerably down-
ward (see below). The sediments stratigraphically comprise the interval of time from the Upper 
Aptian (Section A) - in Section K already from the Neocomian - to the Upper Paleocene 
(Section F). 
The overall sequence of the Gamba area (Fig. 36) composed synthetically of the information 
contained in all nine detailed sections, shows which parts of the whole succession are included 
in the nine sections. The strati graphic sequence is composed of the following Formations and 
Members from top to bottom: 
Zongpubei Formation (Willems & Zhang 1993a): Red clay-/siltstones and fine-grained sand-
stones and greenish-grey marls. 
Zongpu Formation (Mu An-tze et al . 1973): 
Member IV: Limestones with Alveolina and calcareous marls with Orbilolites. 
Member Ill: Nodular marls with nummulitids. 
Member Il : Nodular limestones with nummulitids. 
Member I: Marls and well-bedded limestones. 
Jidula Formation (Mu An-tze et al. 1973): 
Member Ill : Upper sandstones. 
Member 11: Black limestones. 
Member I: Lower sandstones. 
Zongshan Formation (Mu An-tze et al. 1973): 
Rhodolite facies : Calcareous marls with rhodophycean and chlorophycean algae. 
Limestone Ill: Rudist biostromes, limestones with Orbitoides and Omphalocyclus. 
Calcareous Marl 11: Nodularly textured, arenaceous calcareous marls. 
Limestone 11 : Rudist biostromes and Orbitoides limestones. 
Calcareous Marl 1: Nodularly textured calcareous marls with hard grounds. 
Limestone I: Pelagic limestones with calcispheres. 
Gamba Group (Mu An-tze et al. 1973): 
Merpber Ill: Gambacunkou Formation. Pelagic marls and calcareous marls. The Gambacun-
kou Formation is probably equivalent to the Lengqingre, Xiawuchubo, and Jiubao Forma-
tions. 
Member 11: Chaqiela Formation. Sandstone turbidites and sandstone dykes. 
Member I: ?Gambadongshan Formation (= Dongshan Formation in Fig. 5). Black clay-/silt-
stones intercalated by turbidite sandstones. 
Fig. 37 (opposite page): Lithostratigraphic column of the Gamba Group, composed of Sections A and K. In the 
lower part, the sequence is disturbed tectonically. Owing to up-thrusts and overthrusts, Members I and 11 occur in 
double, but show different lithofacies in contemporary layer sections . a: Lumachelle consisting of bivalves. 
Scale: magnifier. b: Sandstone dyke cross-cutting the black shales. Scale: meter rule 60 cm. c: Silt-/sandstone-
turbidi~e showin~ gra~e~ beddi~g ; roof: rig~t side .. Scale: hammer. d: Peeling off sandstone concretions partly 
exceeding head-SIZe within a mamly clayey-sllty senes. Scale: hammer. e: Septaria of sizes> 70 cm from a strata 
sequence of 5-10 m thickness near Bank A20. Above this distinct horizon, there is the beginning of the mainly 
calcareous sedimentation history of Member III of the Gamba Group (Gambacunkou Fonnation). Scale: hammer. 
f: Well bedded limestones of the "Limestone I" of the Zongshan Fonnation in the top of the Gamba Group, 
exposed as morphologically distinct scarp wall in the area E of Gamba village. Scale: person. Legend see Fig. 30. 
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6.4.2.2. Comments on Profiling in the Gamba Area 
The succession of the Gamba Group has a thickness of 2750 m in the studied Section A (Figs. 
36,37). It does not constitute, however, the original thickness of the layers, as the sequence has 
been tectonically duplicated in various segments by imbrications and overthrusts striking parallel 
to the bedding plane and vergent southward. This was proved biostratigraphically by means of 
ammonites (Immel, verbal information). 
Thus, the basis of Section A begins in the (lower?) Middle Albian and continues into the Late 
Albian up to section meter 570. The next biostratigraphic clue, which contains, however, again 
ammonites of the Late Albian, is found only at 950 m. This is continued upward by a mainly un 
disturbed Albian and Cenomanian succession. For this reason, there must be one or several 
reverse faults or overthrusts in the strata area between these two fixed points of the section not 
datable for lack of fossils. 
The microstructure of the sedimentary rocks also indicates the existence of tectonic movements. 
Especially, layer segments of clays tones are divided into oblong bodies of a centimeter by shear 
plane systems running parallel to the bedding plane. The resulting shear joints are filled up with 
fibrous calcite. 
With regard to the duplication of strata produced tectonically, the stratigraphic thickness of 
Section A must be reduced to approximately 1800 to 2180 m at most. It can, however, not be ex-
cluded that there are still more tectonically generated duplications of strata within the sequence 
so that the real dimension of the originally deposited sediment might be even smaller. 
The correction of thickness has not been included in the diagram of the sections of the Gamba 
Group in Fig. 37, because the Albian beds occurring doubly complement each other in their sedi-
mentological information content. However, the duplication of strata has been taken into account 
in the diagram insofar as not only the thrustfaulted, 570-meter thick basal strata section (Member 
11 : Chaqiela Formation) but also the "overthrust zone" biostratigraphically not to be determined 
more closely between 570 and 950 m (Member I: Gambadongshan Formation) have been 
graphed indented from the remaining - mainly undisturbed - profile. 
6.4.2.3 Lithostratigraphy 
a. Gamba Group (Fig. 37) 
(NeocomianlUpper Aptian - Santonian) 
There are various possibilities for the subdivision of this group, two of them are shown in Fig. 
5. For a complete reference to the history of the term see Willems & Zhang (1993a: 7). 
Lithofacies 
The strati graphic sequence of the Gamba Group in Sections A and K can be subdivided into a 
lower, predominantly non-calcareous, siliciclastic Member I, a middle Member 11 with striking 
sedimentological features and an upper, calcareous-clayey Member III characterized by pelagic 
faunas (Fig. 37). 
Formation 1: Gambadongshan Formation (= Dongshan Formation, Figs. 5,37) 
Black Shales and Siltstones Intercalated by Turbiditic Sandstones. 
This lower section of the sedimentary sequence of the Gamba Group comprises the interval 
from the Neocomian and the Upper Aptian to about the Early Albian. It will probably not be 
visited during the excursion. A detailed description is in Will ems & Zhang (1993a: 8). 
Formation 2: Chaqiela Formation (Fig. 37) 
Sandstone Turbidites and Sandstone Dykes. 
The strata represent the Middle to the Upper Albian and will probably not crossed during the 
excursion. See detailed description in Willems & Zhang (1993a: 8f). 
Formation 3: Gambacunkou Formation (Fig. 37) 
Pelagic Marls and Calcareous Marls. 
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Within the range of Bank 20, the base of this part of the Oamba Oroup is constituted by a very 
prominent, about 7 m thick calcareous marlstone with unusually large septarians (diameter up to 
one meter; Fig. 37e). The succession of barely more than 1000 m thickness stratigraphically 
represents the time from the Late Albian to the Santonian, inclusively. It consists of a mono-
tonous series of dark grey marls intercalated by calcareous marls with an increase of limestones 
at the top and occasional claystones in the lower half. Less thick septarian horizons may occur 
sporadically throughout the whole Formation 3. 
At irregular intervals, the deposits rich in micrite (wackestones), often bioturbate, are interrupted 
by detrital intercalations .of silty to fine-sandy quartz. A biofacial feature is the dominance of 
planktic f oraminif era (GLobotruncana, Rotaiipora, HedbergeLla); towards the top, a large amount 
of calcispheres can be noticed as well. Filaments, scleres, and microbioclasts, predominantly 
from echinoderms, also appear. Bivalves play a major role among macrofossils, especially ino-
ceramids and pectinids (ChLamys); of minor importance are PhoLadomya, Pinna, Spirorbis, as 
well as ammonites (Neocrioceras, TUffilites, Scaphites), belemnites, echinoids, and bryozoans. 
This fossil-bearing Formation is equivalent to the "Hemiaster Shales" of Hayden (1907). 
MF Types (Chap. 4.3): 
20T: Microbioclastic wacke-/packstone 
30T: Wackestone with planktic foraminifera 
Stratigraphy 
The stratigraphically oldest strata of the Oamba Group in Section A can be dated as Upper 
Aptian by means of ammonites (He Guo-xiong & Immel 1985: 264). Poorly preserved am-
monites of the famil y Neocomitidae detected in Section K and other only uncertainly 
determinable ammonites indicate that the lithological unit reaches down into the Neocomian. The 
ammonites from the Gamba area described for the first time by Douville (1916) at his time could 
only biostratigraphically demonstrate the existence of the Cenomanian. 
An essential basis for dating the Gamba Group is the zonation by means of planktic foramini-
fera. In keeping with the international geologic time scale (Harland et al. 1982: 33) all valid 
zones of planktic foraminifera could be proved in the Gamba area, in particular for the Late 
Cretaceous (Herm et al. 1985: 264, see also Fig. 9). The oldest b!ostratigraphic evidences based 
on the existence of this group of organisms are to be found in the area of the septarian horizon 
marking the lower boundary of Formation 3 (Bank 20, Fig. 37; PI. 2, Figs. 15, 16). They are 
representatives of the Breggiensis and the Appenninica zones which permit a determination of 
the beds into the Middle and Late Albian respectively (Caron 1985: 27). This marks the begin-
ning of the pelagically dominated sedimentary history of the Gamba Group. The youngest strata 
of the Gamba Group can be defined as Santonian by planktic foraminifera of the Asymetrica 
Zone. 
The discovered calcareous nannoplankton can also be compared with the geologic standard 
zonation established for the Tethyan realm. Being poorly preserved, it is, however, only of 
minor importance for the dating of the entire sequence. The oldest coccolithophorids (Bank 20 
as well) found in the Gamba Group belong into the zone with Prediscohaera cretacea of the 
Middle to the Late Albian (det. Zhong Shilan). EiffeLithus eximius confirms the Santonian Age 
of the top of the Gamba Group. See also the corresponding biostratigraphic data elaborated in 
Wan (1991) and Wan et al. (1993). 
b. Zongshan Formation (Figs. 38~42) 
(Campanian - Maastrichtian) 
For the history of work and nomenclature see Willems & Zhang (1993a: 11). The Zongshan 
Formation constitutes the morphologic rise of the Gamba-Tatsang Range striking approximately 
E-W (Fig. 35). The Formation is built of three limestone sequences and intercalated calcareous 
marls (Fig. 38). 
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Fig. 38: Profile of the Zongshan Fm., composed from Sections CA (Banks CAI-CA14), D (Banks D9-19), and 
DB (Member "Rhodolites") . a. Limestones in the transition between Limestone I - Calcareous Marll. The partly 
even bedding, partly nodular texture of the sediment is caused by bioturbations and diagenetic overprint. Scale: 
meter rule. b: The bank surface of the hardground of Bank CA13 shows pyrite crystals up to a size of 1.5 cm. 
Scale: meter rule. c: In some areas, Limestone II contains rudists in life position (biostrome-like), embedded in a 
bioclastic matrix. Scale: width of picture 40 cm. d: Nodular calcareous marls and intercalated marls compose the 
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82 
MFty pes Texture 0 r 9 
Forams 
Gamba: t I~ ~ ~ 
11 Section CA ii il ~ i cll; i~ !ti . Ix ~I~ .~ ~j¥l »i~ ~ .. ~ .. c '" ~ ~ 8~ ~ .~ ~~ Q 4i V> ~ ~ S ~:i;n '" .0.)(. Lithology : . Q) ~ .~ :i ~ i3~ .. E E u .)(. ~~ 
--- G",~ u co f;j~ Cl - ~~ "''''''' ~l5 ;j~ <t& '.., on "'~ O:z 
• • I- • E ~ ~ 
-
14 • · .. 
.. = 
- ;,...;: ~ 
-co ~~ s..:; 
• • • E 
~ I:? ~ :::;: ~ ~~ • • • • ... 
::J  ~ 0 I •• e t3 • .. ~ ~ 
" 
-
.. ~ ~ ~ • •• U 
~ ~ ~ 
f- 12 I • • 
I1 • • • c: 11 • 
· 'I •  . 0 : I • •• c to 
I' I 
.- • • 
• 
- • 
, , 
• CO 
• • c E ~ 
.. g • 
0 
10. • u.. 
E I I • • 
• 
c: 
-co 
U • • 
.t: 
.. 
III C 
Cl 0 7 • 
-
• 
c: 
'" • 
0 
" 
, 
• • • • 
N E 2 & I • 5 .- • , 
• • ..J 
• • • 
4 
I • • 
• • 
3 • 
• • 
I • • 
• • • ~ • 
2 • • 
· 
I • • • • 
t 
I • • 
a n i • m 
~ ~ ~ ;: 
.. J! :4!~ OIl!! E .. " ~~ £ ~ ~ ~ j~ ._ 9 l~ ~~ ~J 
• • 
• • 
•• • 
'. 
• 
• • 
• • • • 
• • 
• ; 
' .. 
· • 
• 
• 
• • 
• 
•• • 
• ' . . 
•• • 
• 
• · 
•• 
· .' •• 
•• 
• • 
•• 
••• • I· • · • . 
· 
, 
· 
· 
• • • 
• • 
83 
s Pat\. 
~ 
~ 
6 
.~ 
~ ~ .. 1 ~ t~ ~ ! -~ ~ ~cf 
• • 
.. 
.. 
.. 
.. • 
.. 
.. 
.. 
. . 
.. 
.. 
.. 
• • 
.. 
.. 
.. 
• 
.. 
• .. . . 
.. 
r=:::-
· .~~ 
• 
I • · • • r-
• ~ • • • 
I • • • 
•• 
• • 
• • i · •• • 
I 
· •• 
• • 
· 
· • 
iI. ~ 
. , 
•• 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
•• 
.. 
.. 
.. 
.. 
• •
.. 
.. 
.. 
.. 
i 
0 
. 
~ 
Fig. 39: Limestone I and the 
lower strata of the Calcareous 
Marls I of the Zongshan For-
mation in the Gamba area. A 
particularly high portion of cal-
cispheres accompanied by plan-
ktic foraminifera and nodo-
sariids, and by echinoderms 
(partly Saccocoma) display the 
sedimentation history of the 
deeper open sea shelf (FZ 3), 
which is still mainly pelagic 
during the SantonianlCampan-
ian, and above Bank 13 also he-
mipelagic. In the open marine 
basin deposits (FZ lA) of the 
lower half of Limestone I, spi-
cules, filaments, and peloids fre-
quently are concentrated in la-
yers . The representation is ba-
sed on Section CA (Fig. 38). 
Legend see Fig. 30 . 
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Fig. 40 (opposite page): During the (Lower) Maastrichtian, there occurred a strong distribution of orbitoid fora-
minifera and rudists within Limestone II of the Zongshan Formation under continuously increasing higher-
energy sedimentation conditions as a consequence of the progressing shallowing of the marine depositional 
environment (FZ 4 - 6A). Temporarily rudist biostromes developed (FZ SB). The representation is based on the 
sector of the strata Section D near Banks 9 to 12 (Fig. 38) showing the Limestone II and a part of the overlying 
Calcareous Marls 11. Legend see Fig. 30. 
Lithology 
The sequence of the Zongshan Formation depicted in Fig. 38 has been composed of three field 
sections (CA, D, DB in Fig. 35) logged north of Oamba (note the numbering of the banks in 
the overall section). Despite these completions, some of the strata sections only insufficiently 
exposed (Members Calcareous Marls I and 11) could not be investigated fully. 
The Zongshan Formation is subdivided into three limestone packages (Limestones I, 11, and 
Ill) separated by two marly sequences (Calcareous Marls I and 11). Mainly the two lower lime-
stones occur morphologically as prominent scarps in the Oamba-Tatsang Range. Limestone III 
appears less clearly because it is less thick and grades upward increasingly into marly lime-
stones and calcareous marls. The Formation is topped by a facially very diversified series 
(Member Rhodolite) dominated by calcareous algae. 
Limestone I: Pelagic Limestones with Calcispheres (Figs. 38,39). 
The series of about 50 m has been profiled mainly in Section CA, the upper third also in 
Section D. The succession consists of remarkably regularly bedded limestones with even bed-
ding planes. They are interrupted at irregular intervals by marls up to a thickness of 5 cm or 
very thin marly intercalations. In the lower 10 m, the limestones are thick-bedded and some-
times massive, the major part, however, is medium- to thin-bedded, sometimes even platy 
(Fig. 37f). 
In the upper third, the bedding planes are increasingly uneven and wavy, bioturbation increases 
more and more, some banks pass into marly, nodularly textured limestones. These layers grade 
into the overlying nodular Calcareous Marls I. 
Trace fossils of the types Thalassinoides (Bank CA4) and Phycoides (Bank CA8) appear in 
the strati graphic sequence, both representing the Cruziana association typical for outer shelf 
environments (Seilacher 1976, 1984: 105); in the top layers Zoophycos (Bank CA9) is found. 
The limestones overall very rich in micrite (wacke-/packstones) in the lower part contain pre-
dominantly planktic foraminifera (Globotruncana, Dicarine/1a). The main part of the succession 
(from Bank CA3 upwards) is, however, dominated by calcispheres along with filaments, 
scleres, nodosariids, and bioclasts (often derived from inoceramids). Individual intercalated 
beds are built almost exclusively of peloids and microbioclasts or masses of allochthonous 
echinoderm clasts. In the uppermost part echinoids and bivalves (e.g. Pecten) occur. 
MF Types (Chap. 4.3): 
20T: Microbioclastic wacke-/packstone 
30T: Wackestone with planktic foraminifera 
SOT: Calcispheres wackestone 
70: Microbioclastic peloid grainstone 
80: Echinoderm packstone 
Calcareous Marl I: Nodularly textured Calcareous Marls and Hardgrounds (Figs. 38,39). 
The sequence with a thickness presumably ranging from 40 to 60 m is only incompletely ex-
posed. In Section CA, only the lower part of about 16 m could be studied; additional infor-
mation about the middle part for example is found in Section C. In the lower part, the section 
consists of an alternated stratification (thickness about 5 to 10 cm) of predominantly nodular 
calcareous marlstones, nodular limestones and nodular marlstones (Fig. 38a). More calcareous 
banks mostly are slightly quartz sandy, partially in graded layers and with relatively strong bio-
turbations. The occurrence of hard grounds is a characteristic feature of this section segment. At 
the top of Bank CAB for example, there is a bed surface with clear burrows (mainly made by 
bivalves), scattered pyrite cubes and Fe-Mn crusts (Fig. 38b). 
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Fig. 41 (opposite page): The (Upper) Maastrichtian limestone III of the Zongshan Formation is characterized by 
depositional environments of high-energy shoals of a platform margin (FZ SA) and of shallow-water open 
marine platform environments (FZ 6A, 6B) with a rich colonisation of orbitoid foraminifera, calcareous algae 
and rudists which at times built up biostromes (FZ SB). In the upper half of the limestones, particularly in the 
transition to the Member "Rhodolites", there occurs an increasing distribution of calcareous algae, especially of 
rhodophyceans . The representation is based on Section D, near Banks 13 to 16 (Fig. 38) showing the Lime-
stones III and the basic layers of the overlying Member "Rhodolites". Legend see Fig. 30. . 
Towards the top, the beds become increasingly marlier; terrigenous influence disappears com-
pletely. In these sections, traces of Chondrites and Thalassinoides are present. 
Biofacially, the wacke-/packstones are dominated by masses of calcispheres along with mainly 
planktic foraminifera and textulariids; larger hyaline foraminifera (Goupi/Illudina) are limited to 
only a few layers. In some horizons, completely preserved echinoids and bivalves (Pecten, ino-
ceramids) occur more frequently. 
MF Types (Chap. 4.3): 
30T: Wackestone with planktic foraminifera 
SOT: Calcispheres wackestone 
60T: Siliciclastic calcispheres packs tone 
Limestone 11: Rudist Biostromes and Orbitoides Limestones (Figs. 38, 40). 
The brownish weathering sedimentary sequence with a thickness of about 30 m can litho-
facially be subdivided into three parts from bottom to top: 
- 19 m of grain-/packstones, thick-bedded to massive, at the bottom also thin-bedded 
(thickening-upward), abundant in fossils, coated grains, and intra-I bioclasts. Calcispheres and 
planktic foraminifers are sporadically found in the lowest strata. A few banks show slightly 
nodular textures; in the upper third, there are some intraformational reworking horizons with 
pebbles which laterally taper out some 10 m. Frequently occurring shell banks are essentially 
built up of larger shell fragments of inoceramids and rudists (particularly in the upper part); the 
alignment of the fragments produced distinctive bedding structures parallel to the bedding 
plane. Only in the range of Bank D11, the rudists (mostly Hippurites, less frequently Radio-
lites) appear more frequently in life position; they locally build biostrome-like sedimentary 
bodies. By karstification during a diastema (Top Bank C11), completely preserved rudist shells 
were partially dissolved and then filled again with yellowish (partly dolomitic) lime sands rela-
tively abundant in quartz. The living chambers are frequently filled with quartz sand sediment 
(Fig. 38c). 
MF Types (Chap. 4.3): 
90: Bioclastic Orbitoides wackestone 
100: Intra-/bioclastic Orbitoides grainstone 
110: Siliciclastic Orbitoides packs tone 
120: Rudist rudstone 
- 6 m of poorly bedded, slightly quartz sandy packs tones which morphologically disappear 
somewhat because of intercalated calcareous marls and marlstones weathering more easily. 
Intense bioturbation produced the formation of nodular textures. These carbonates are generally 
richer in micrite than the series in the underlying and in the overlying. 
MF Types (Chap. 4.3): 
100: Intra-/bioclastic Orbitoides grainstone 
110: Siliciclastic Orbitoides packs tone 
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Fig. 42 (opposite page): The termination of the Zongshan Formation is formed by the Member "Rhodolites" 
belonging to the (Upper) Maastrichtian. The main characteristic feature of these deposits of an open marine plat-
form (fZ 6) is the extremely strong distribution of corallinacean algae, correlated with the development of 
rhodoids continuously increasing to the top. In general, there is a remarkable propagation of calcareous algae 
within the whole sequence in three steps: At first representatives of the udoteacean Ovulites dominate the deposi-
tional environment, connected with stronger terrigenous material input; secondly, with the decrease of detrital 
accretions there occurs a distribution of dasyc1adaceans, especially of the genus Cymopolia; the third step is 
characterized by the abrupt transition to the following diversification of corallinaceans. This development, how-
ever, in detail already displays lateral facies changes over shorter distances. The representation of the develop-
ment of the Member "Rhodolites" is based on Section DB, W of Gamba village (Fig. 35) especially logged for 
this . L.II1 = Limestone III -- M.I = Member I. Legend see Fig. 30. 
- 5 m of thick-bedded to massive limestones richer in sparite, facially similar to the lower sec-
tion but containing a higher percentage of detrital quartz (sand-/silt-sized), in some layers also 
ooids and coated grains. At the top of the limestone sequence, a few rhodoids may occur 
locally. 
MF Types (Chap. 4.3): 
lOG: Intra-/bioclastic Orbitoides grainstone 
11 G: Siliciclastic Orbitoides packstone 
12G: Rudist rudstone 
Orbitoides media (partiall y rock-forming) , miliolids, fragments of inoceramids and echino-
derms occur almost right through the whole sequence of Limestone 11. In the lower part, 
rotaliids are present more frequently, Omphalocyclus macroporus are increasing towards the 
top. Rudists or their reworked shelly fragments are concentrated on individual banks and 
quantitatively constitute the dominant biogenic content. Other macrofossils such as gastropods 
(Actaeonella) and solitary corals (scleractinia) occasionally play a role in the sediment. Well re-
worked bivalves are mostly preserved in form of coated grains. Calcareous algae (rhodo-
phyceae) appear only very rarely in the upper section meters. 
Calcareous Marl 11: Nodularly textured Arenaceous Calcareous Marls (Figs. 38, 40). 
Only the lower 3 m of the sequence with a thickness of about 15 to 20 m are exposed. There 
are mostly nodular calcareous marls and marlstones, calcarenites are of minor importance, inter-
bedded by layers (up to 30 cm) with more quartz contents. The sequence is biofacially com-
posed of Orbitoides media and Omphalocyclus macro porus , in some basal layers in rock-
building quantities, along with miliolids and a few rotaliids. Dasycladacean algae appear more 
frequently in the layers above, in addition to fragments of inoceramids and echinoderms, in 
rare cases completely preserved echinoids occur as well. 
MF Type (Chap. 4.3): 
11 G: Siliciclastic Orbitoides packs tone 
Limestone Ill: Rudist Biostromes, Limestones with Orbitoides and Omphalocyclus (Figs. 38, 
41). 
The limestone was profiled not only in the main Section D but also in a supplementary detailed 
Section DA. Comparable to Limestone 11, the 30 m thick third limestone sequence of the Zong-
shan Formation also consists of three parts, the thickness and facies of which may change 
laterally. 
- 16 m of thick-bedded and massive limestones, the three upper meters of which are medium-
bedded sparitic limestones. In addition to more finely reworked carbonate particles (litho-
clasts), the main biogenic constituents are predominantly Orbitoides media, less frequent 
Omphalocyclus macroporus , miliolids, fragments of echinoderms and of mollusks. Com-
pletely preserved gastropods (i .e. Actaeonella) occur occasionally. In the upper half, over 
about 6 m, the limestones are exclusively built by rudists (mainly radiolitids) and poorly re-
worked rudist fragments; preserved complete tests (sometimes still in life position) show -
89 
similar to Limestone II - karstification phenomena. In some localities (Section DA) the top of 
the sequence is built by marly strata with masses of Orbitoides, in some strata inoceramid frag-
ments, too. 
MF Types (Chap. 4.3): 
lOG: Intra-/bioclastic Orbitoides grainstone 
11 G: Siliciclastic Orbitoides packstone 
- 5.5 m of a morphologically slightly declining layer sequence, which begins with a 70 cm 
thick quartz sandstone, followed by an alternating succession of nodular limestones, calcareous 
marls, and calcarenites, which in turn are intercalated by arenaceous calcareous sands or quartz 
sand lenses. In the same way, beds richer or poorer in orbitoid foraminifers alternate. The 
lower part shows a condensation horizon almost exclusively built by orbitoid foraminifers. 
Beside the dasycladacean algae already encountered earlier, the first rhodophycean and udotea-
cean algae appear in this segment. 
MF Types (Chap. 4.3): 
lOG: Intra-/bioclastic Orbitoides grainstone 
11 G: Siliciclastic Orbitoides packs tone 
13G: Omphalocyclus floatstone with udoteacean algae 
140: Siliciclastic wackestone with Ovulites 
- 8.5 m of dark grey limestone distinctly medium- to thick-bedded, in the basal strata locally 
containing reworked sandstone pebbles of the underlying beds (Bank D14, Fig. 38). The 
deposits contain completely preserved echinoids, more rarely gastropods, sporadically solitary 
corals, and bryozoans. In the uppermost layers, Omphalocyclus increases strongly and forms 
the dominant group of organisms along with fragments of echinoderms and rudists. The top of 
this part of the section is built by another condensation horizon, in which once again masses of 
orbitoid foraminifera occur; they are not found in the overlying beds. The depositions also 
contain dasycladacean, udoteacean, and rhodophycean algae. In contrast to the preceding part 
of the sequence, detrital quartz appears only in traces concentrated in lenses. At the top of Lime-
stone Ill, the first rhodoids may occur locally. 
MF Types (Chap. 4.3): 
lOG: Intra-/bioclastic Orbitoides grainstone 
13G: Omphalocyclus floats tone with udoteacean algae 
Rhodolite Facies: Calcareous Marls with Rhodophyceans and Chlorophyceans (Figs. 38, 42). 
The sequence, which is microfacially and mainly biofacially very diversified, is exposed only 
incompletely in the main Section D. For this reason, the two detailed supplementary Sections 
DA and DB were taken (Willems 1993), the latter giving the most complete survey of the 
depositions between Limestone III and the overlying lidula Sandstone and thus constituting the 
basis for the following lithofacial description. This section description, however, can only be 
of local validity because of frequent lateral facies changes. 
The thickness of the sequence classified as rhodolite calcareous marls - an equivalent of the 
"TUna limestones" in Hayden (1907: tab. 2) - amounts to 25 m (Section DB), locally to 30 m. 
In Section DB, the sequence can be divided into six parts of the following lithofacies (from 
bottom to top): 
Underlying: Limestone Ill. 
- 1.5 m of yellowish-brown quartz sandy marls, upward calcareous marls with different, 
partially node-like concentrations of Omphalocyclus macroporus or of the udoteacean algae 
Ovulites. 
MF Type (Chap. 4.3): 
14G: Siliciclastic wackestone with Ovulites 
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- 1.6 m of brownish weathering, evenly laminated and cross-bedded quartz sandstones (me-
dium-sandy), tapering out laterally into thin sandstone lenses; lithofacially comparable to the 
lidula Sandstone. 
- 4 m of yellowish-brown, slightly quartz sandy marls and calcareous marls, sporadically inter-
calated by thin limestone banks or larger sandstone lenses. In upward direction dasycladacean 
algae increase; further biogens: fragments of rudists, (radiolitids), echinoderms, rarely rhodo-
phycean and squamariacean algae, Omphalocyclus macroporus, miliolids, and rotaliids. 
MF Types (Chap. 4.3): 
140: Siliciclastic wackestone with Ovulites 
150: Ferruginous dasycladacean algae floatstone 
- 3.5 m of calcareous marls and marls containing thin-bedded, platy grey limestones in the 
upper third; masses of dasycladacean algae appear throughout, fewer O. macroporus, milio-
lids, rotaliids, echinoderms and bivalves, occasionally rhodophycean and udoteacean algae. 
MF Types (Chap. 4.3): 
140: Siliciclastic wackestone with Ovulites 
150: Ferruginous dasycladacean algae floatstone 
- 14.5 m of predominantly nodularly textured marls and intercalated calcareous marls. A charac-
teristic feature is the abrupt disappearance of dasycladacean algae and the simultaneous preci-
pitous increase in rhodophycean algae and the squamariaceae Etheliaalba which in upward 
direction continuously increase in quantity and occur in the form of rhodoids after 2.5 m. 
O. macroporus appears only sporadically, in other places, however, it may occur still rock-
forming in banks up to a thickness of 20 cm. 
For the most part, the rhodoids are concentrated in layers of a thickness of 30 to 50 cm. Espe-
cially in section DA, it can be observed that these strata are mostly dissolved in (partially rede-
posited) pebbles of different sizes, maximally up to 25 cm long, and elongated-oval (Fig. 38d), 
each of which is composed of a larger amount of rhodoids (Fig. 38e). Between the pebbles and 
the interlayers poorer in rhodoids, marly sandy, sometimes also friable calcareous sands tones 
occur. In several places they contain abundant O. macro porus (exposed by weathering) or ir-
regularly reworked detritus of red algae, echinoderms and rare rudists (radiolitids) . Corals, 
shell fragments, sponges, (?hydrozoans), and lithoclasts served as cores for the formation of 
rhodoids. Two isolated nautilids were also found in this strati graphic sequence. 
MF Types (Chap. 4.3): 
150: Ferruginous dasycladacean algae floatstone 
160: Rhodolite floatstone 
Overlying: Sandstones of the lidula Formation 
Stratigraphy 
By applying orbitoid foraminifera, Douville (1916: 46) still dated the strata corresponding with 
the Zongshan Formation as Emscherian to Maastrichtian. Since Wen Shi-xuan (1974), how-
ever, the limestone scarps have been classified in the following way: the first limestone scarp 
(Limestone I) in the Campanian, the middle (Limestone II) and the upper scarp (Limestone Ill) 
in the Maastrichtian (Bassoulet et al. 1977: 221). Zhang (1979: 258) and Sun & Zhang (1983: 
152) propose the following index fossils: 
Lower Section (Campanian): 
.Orbitoides tissoti SCHLUMBEROER 
Globotruncana linneiana tricarinata (QUEREAU) 
Globotruncana ventricosa (WHITE). 
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Middle/Upper Section (Maastrichtian): 
Orbitoides media D'ARCHIAC 
Omphalocyclus macroporus (LAMARCK) 
Cymopolia t ibetica MORELLET 
Hemipneustes compressus NOETLING 
Hemipneustes stiatoradiatus (LESKE). 
In the range of Section A, some 17 km east of Gamba, the lowermost strata sections of Lime-
stone I are located within the Elevata Zone, i.e. they have to be classified into the lowermost 
Campanian (Caron 1985: 26) . The same dating can be derived from Limestone I in the Gamba 
area within Section CA (Fig. 38). 
The distribution of zone fossils in Limestone I indicates that the above mentioned datings of 
earlier researchers of the Zongshan Formation into the Campanian can be proved. The strati-
graphic determination of Limestones IIIIII and of the Member "Rhodolite facies", i.e. the top of 
the Zongshan Formation, into the Maastrichtian can be affirmed by the appearance of O. media · 
and O. macroporus. 
c. lidula Formation (Fig. 43) 
(Upper Maastrichtian - Lower Paleocene) 
The term lidula Formation was introduced by Mu An-tze et al. (1973) and Wen Shi-xuan 
(1974) for (partially conglomeratic) sands tones which are limited by the Zongshan Formation 
at the base and by the Zongpu Formation at the top. The Formation is identical with the "Ferru-
ginous sandstones" in Hayden (1907: 49) and "Gres ferrugineux" in Douville (1916: 45). 
Lithology 
The sediments of the lidula Formation with a thickness between 150 and 170 m, appearing as 
morphologic ridges in several places, are profiled in the Sections D and E. Although the strati-
graphic sequence is only very incompletely exposed, the following lithostratigraphic division 
into three members can be established (from bottom to top; Fig. 43). 
Member I: Lower Sandstone. 
The 42.5 m thick succession is built of beige-brown quartz sandstones, the lower two meters 
of which are coloured intensely reddish-brown by accumulations extremely rich in goethite and 
thick limonite encrustations. Irregularly distributed Fe-concretions also appear further in the 
sequence. In the lower half, the sands tones are medium- to thick-bedded and show mostly 
medium- to large-scaled cross-beddings with changing directions of accretions. A gradation 
from coarse to fine sand (fining upward) is to be recognized frequently within one bank or 
throughout several banks. In some cases, the cycles begin with a debris horizon, in which the 
quartz pebbles have a diameter of up to 2 cm (fine-/medium-gravel fraction); occasionally the 
pebbles are built of shales or marlstones. Further upward in the sequence, the sandstones be-
come thin-bedded to platy and mostly have tabular (fine) bedding structures (thinning upward). 
The sands tones are predominantly cemented siliceous, in some sections, however, even 
weakly clayey, as can be seen in the friable weathering process. In approaching the intercalated 
limestones of Member 11 the cement becomes more calcareous, and calcareous sands tones or 
sandy limestones with redeposited fragments of oysters or of other bivalves and echinoderms 
may be intercalated. In some layers, trace fossils of the type Callianassa characteristic for a 
shallow-marine environment occur. 
Member 11: Black Limestone. 
Black (locally bituminous) limestones are situated above the sandstones with an erosional un-
conformity (Fig. 43b), which may be morphologically intensified by diagenetic overprint. Only 
the lower 5 m of the limestones, which in total possibly have a thickness of up to about 30 m 
or may taper out completely, are exposed however, and accessible for investigation. The carbo-
nates rich in micrite, intercalated by quartz sandy banks (washover fans) in some places, are 
characterized by the predominant occurrence of chlorophycean algae, especially the udoteaceae 
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Fig. 43 : Lithostratigraphic column of the sandstones of the Jidula Fonnation, composed of the Sections D and 
E (to be recognized by the marks D or E of the banks). 
a: Numerous deep-reaching vertical structures of the Skolithos ichnofacies (Ophiomorpha) are typical of 
deposits in a subtidal shoreface environment. Scale: hammer. 
b: Erosional disconformity between the Lower Sandstones (Member I, underlying bed) and the Black Limestones 
of Member 11 of the Jidula Fonnation (roof). Scale: meter rule, 60 cm. 
c: Cross-bedded sands tones are typical of the Lower Sandstones (Member I, above Bank D20). Scale: hammer. 
Legend see Fig. 30. 
Ovulites, in rarer cases by the dasycladaceae Cymopolia, Neomeris, and aff. Furcoporella. 
The calcareous algae are accompanied by ostracods mostly smooth-shelly, mollusks (bivalves, 
gastropods), and by small miliolid-shelled foraminifera. The sedimentary structure shows 
stronger bioturbations above all in the more quartz sandy strata. Within the burrows, either 
high concentrations (if the main sediment is rich in micrite) or low concentrations (if the main 
sediment is rich in quartz) of quartz are to be found. Terrigenously unaffected limestones do 
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not indicate any bioturbations. 
MF Type (Chap. 4.3): 
17G: Siliciclastic udoteacean-/dasycladacean algae wackestone 
Member Ill: Upper Sandstone. 
The succession of a thickness of about 45 to 48 m consists of quartz sandstones similar to 
those of Member I. It differs insomuch as distinctly graded sedimentary cycles are only rarely 
developed. Grain sizes are predominantly in the range of fine and medium sand fractions; there 
are no pebble horizons. The cross-bedding bodies occurring considerably less frequent are 
mainly medium- to small-scaled. Most of the sandstone, especially the fine-sand fraction, is ce-
mented in siliceous form. The silicic acid mostly stems from the quartz grains which thus fre-
quently show intense marginal dissolution. A beginning quartzification can be recognized in 
some microscopic thin sections showing distinct sutured contacts at the grain boundaries. 
In some layers, massive quantities of Skolithos ichnofacies, mostly Ophiomorpha (Fig. 43c) 
typical for shallow-marine sedimentation (shoreface) occur as trace fossils. 
Restricted to certain layers (e.g. Bank ES) are brownish-black intercalations of arenaceous lime-
stones which contain very many ostracods; of minor importance are calcareous algae (udotea-
cean, hardly any dasycladacean algae), furthermore miliolid foraminifera and bivalves. 
MF Type (Chap. 4.3): 
17G: Siliciclastic udoteacean-/dasycladacean algae wackestone 
Comparable .to the basal units of the Lower Sandstone (Member I) the lidula Formation is 
topped by sands tones about one meter thick which are very intensely ferruginous and brow-
nish-red. 
Stratigraphy 
The exact strati graphic position of these about 188 m thick sands tones (Academia Sinica 1980: 
24) at the Cretaceous/Tertiary boundary has always been controversial. This was due to the 
lack of biostratigraphically suitable fossils (Hayden 1907: 50). Hayden and Douville (1916: 
45) dated the sands tones as Danian and Ranikot (Paleocene) respectively, although they did not 
have the corresponding fossils. Comparable sandstones in western Tibet, India, and Pakistan 
were also categorised into the Danian (Cotter 1927 and Rao 1964) or Ranikot (Nagappa 1959). 
Without giving more accurate biostratigraphic proof Mu An-tze et al. (1973) defined the lidula 
Sandstone of southern Tibet as earliest Tertiary, Wen Shi-xuan (1974), however, as latest 
Cretaceous. Bassoulet et al. (1977: 221 ) found the sands tones lodging on top of the Late Maas-
trichtian marine depositions containing Omphalocyclus (Zongshan Formation) to have affini-
ties not only with the Cretaceous but also with the Tertiary. 
Only more recently, it was achieved to determine a larger amount of calcareous algae and ostra-
cods in the limestones, which are intercalated in the sandstones. Mainly by the occurrence of 
the dasycladacean algae 
Cymopolia t ibetica MORELLEf 
Neomeris cretacea STEINMANN 
Acicularia antiqua PIA 
Acicularia americana KONISHI & EPIS 
the lidula Formation was classified into Upper Maastrichtian (Zhang 1979: 261; Academia 
Sinica 1980: 24; Bally et al. 1980: 77; Sun & Zhang 1983: 152). 
This classification of the limestones (Member 11) may have to be revised because of the dis-
covery of dasycladacean algae aff. Furco{XJreUa (Willems 1993: pI. 11, fig. 1), which, how-
ever, has to be studied more thoroughly still. This calcareous algae along with the species 
Furcoporelladiplopora PIA, has until now been known from the Tertiary (Deloffre & Genot 
1982: 94) exclusively. 
The lower part of the strati graphic sequence at least stemming from the Cretaceous is a concept 
favoured by the fact that 
Orbitoides media D'ARCHIAC 
Omphalocyclus macroporus LAMARCK 
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are found as typical index fossils for the (Upper) Maastrichtian directly in the underlying bed of 
the lidula Formation. In the overlying bed of the Formation, however, about 5 m above the top 
of the Upper Sandstones, there appear planktic foraminifera of the Angulata Zone in marls 
(Member I) of the Zongpu Formation (see below). Hence follows a determination in the Middle 
Paleocene (Montian). Ostracods, which, too, are typical for the Montian interval are present in 
these strata. 
It may be concluded from these observations that the lidula Formation contains not only strata 
of the latest Maastrichtian but also of the Lower, presumably the Middle Paleocene as well. The 
Cretaceous/Tertiary boundary thus lies within the sandstone accretions. Their exact position, 
however, cannot be proved biostratigraphically. 
d. Zongpu Formation (Figs. 44, 45) 
(Middle Paleocene - Ilerdian) 
The Zongpu Formation named after its main occurrence in the Zongpu valley NE of Gamba 
terminates the marine sedimentary history in Gamba. The history of nomenclature and the 
diverse attempts for a subdivision of this formation can be found in Willems & Zhang (l993a: 
l8f). 
Lithology 
The Zongpu Formation overlying the lidula Formation has been studied in Sections E and F 
(Fig. 44). Section E shows the oldest strata sections (Member I), which are 49 m thick, and the 
transition from the underlying lidula Sandstones. The section is cut off upward by a distur-
bance and overlain by the strati graphically older rudist limestones (Maastrichtian) of the Zong-
shan Formation. . 
Section F with a thickness of 200 m comprises most of the Zongpu Formation (Members 11-
IV) until the end of the marine sedimentary history, and above this, with a thickness of 160 m, 
it comprises the non-marine deposits of the Zongpubei Formation (see below). Older strata 
sections of the unit are not exposed anywhere at the valley ground of the Zongpu creek. 
Based on lithofacial and stratigraphic data, the two Sections E and F cannot be combined to a 
consistent overall section of the Zongpu Formation. To what extent this is due to the sections 
not being lithofacially correlated because of lateral facies changes on one hand or to a major 
hiatus existing between the two sections on the other hand, remains to be determined by more 
exact biostratigraphic studies. 
In order to guarantee the most complete lithologic interpretation of the Zongpu Formation, both 
field sections are separately described in the following: 
Section E: Member I 
Member I: Marls and well-bedded Limestones 
The lower strata sections of the Zongpu Formation show a diversified facial development and 
form a sharp lithofacial boundary to the sandstones of the lidula Formation to be seen in an 
abrupt lack of terrigenous quartz accretion. The succession is built from bottom to top as 
follows (Fig. 44): 
Underlying: Member III of the lidula Formation. 
- 5.8 m of brownish-grey marls (mudstones) poor in fossils, interlayered by three calcareous 
marls (wackestones) up to 40 cm thick, partially nodular; the upper meter consists of dark grey 
to black nodular limestones. Fossils: planktic foraminifera, small rotaliids, bivalves, gastro-
pods. 
- 2 m (Bank E8) of mostly irregularly medium-bedded micrite limestone (wacke-/packstone) 
with various green algae (dasycladaceae, udoteaceae Ovulites), foraminifera (rotaliids, milio-
lids, vemeuilinids), echinoderms, and bivalves. 
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Fig. 44 (opposite page): Lithostratigraphic column of the marine Zongpu Formation and the non-marine depo-
sits of the Zongpubei Formation, shown by the Sections E (Member I) and F (Members 11 to IV). 
a: View of the nodular limestones of Member I at the north side of the Zongpu Valley, approximately 1.5 km 
ENE from Gamba village. Scale: meter rule 1 m. 
b: Magnified section of the lower part of the nodular limestones of Member 11. One can see limestones nodules 
up to a size of 40 cm, arranged in parallel with the strata (horizontal) and surrounded by a clayey-marly matrix. 
Scale: width of picture 65 cm. 
c: Roughly bedded limestones of the lower 5 m of the Member IV (Bank F8), rich in nummulitids and alveo-
linids. Scale: 1 ffi . 
d: Mady bound pebble horizon up to a thickness of 2 ffi, in the underlying bed of the 14 m thick Alveolina 
Limestones of Member IV (Bank F9). The oldest pebbles found there originate from the Upper Maastrichtian 
(Rhodolite facies of the Zongshan Formation). Scale: 1 m. 
Legend see Fig. 30. 
- 9.8 m of an irregular succession of dark grey to black nodular limestones, partially bitu-
minous, and nodular calcareous marls with very thin marly intercalations, interrupted in the 
upper third by 50 cm medium-bedded limestones. Fossils: especially green algae, foraminifera 
(as above), and echinoderm fragments. 
- 4.3 m of distinctly even-bedded limestones with biogens as before, especially rotaliids. 
--- Gap in the exposure (about 10.5 m) ---
- 7 m of nodular limestones with rotaliids, dasycladacean (Trinocladus, Furcoporella) and 
udoteacean algae (Ovulites, more rarely Halimeda), echinoderm and bivalve clasts are of minor 
importance. 
MF Types (Chap. 4.3): 
21GT: Green algae wackestone with rotaliids 
22GT: Rotaliid grain-/packstone with Keramosphaera 
- 8.8 m of limestones (packstones), partially weakly dolomitized and bituminous, mostly dis-
tinctly thick-bedded to massive. Foraminifera are dominating, above all rotaliids [Lockhartia 
haimei, Daviesina] and first MisceUaneamiscella, few Ranikothalia, Discocyclina, and Kera-
mosphaera (limited to these strata); calcareous algae disappear to a large extent; sporadically 
there are bivalve and echinoderm clasts. 
MF Type (Chap. 4.3): 
23GT: Nummulitid floatstone with Discocyclina 
Because of the described sediments being bedded immediately in the overlying of the lidula 
Formation, they ought to be facially comparable or in correlation with the 90 m thick "Gastro-
pod limestone" in Hayden (1907: 50) occurring in the same lithographic position. Essential 
lithological differences and insufficient facial characterisations in the study of Hayden, how-
ever, do not permit such conclusions. The suggestion of Hayden (1907, pI. 3, fig. 2) that the 
"Gastropod limestone" is exposed at the bottom of the Zongpu valley NE of Gamba, could not 
be confirmed. 
Section F: Members 11 - IV 
The 200 m thick strata of the Zongpu Formation in Section F can be subdivided into three Mem-
bers (Figs. 44, 45), which will be described in the following from bottom to top. On top, they 
are overlain by the greenish-grey marls and red mudstones and fine sandstones of the Zongpu-
bei Formation. 
Member 11: Nodular Limestones with Nummulitids. 
The succession of at least 113 m thickness consists of nodular limestones and nodularly tex-
tured calcareous marls; marlstones are only of minor importance. The Member forms promi-
nent steep slopes at the northern flank of the Zongpu Valley NE of Gamba. Despite the disor-
dered structure of the floatstones (Figs. 44a, b), a distinct banking structure can be recognized, 
the thickness of the beds remaining relatively uniform in lateral extension. Not only the dark 
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Fig. 45: The Lower Tertiary marine sedimentation history of the Gamba area is exposed in the approximately 
260 m thick sequence of the Zongpu Formation. When the accumulation of the sands tones of the Jidula Forma-
tion came to an abrupt end caused by a pronounced transgression, the marine sedimentation starts during the 
Middle Paleocene (Angulata Zone) hesitantly with the distribution of various calcareous algae and rotaliid fora-
minifera (Member I), indicating depositional environments of an open marine carbonate platform (FZ 6A, Mem-
ber I) and shifting to an open sea shelf environment (FZ 3, Members II1I11). However, the preponderant part of 
the sequence is dominated during the Thanetian by nummulitids and discocyclinids, which are replaced by alveo-
linids and soritids during the llerdian. The marine sedimentary history in the Gamba area is terminated during the 
llerdian by the Zongpubei Formation. The environment is characterized by brackish at times also hypersaline 
cut-off lagoons and coastal ponds (FZ 8). The representation is based on the survey of Sections E and F (Fig. 
44). Open squares: re deposited components (partly as constituents of pebbles). Legend see Fig. 30. 
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grey nodules of fist- to head-size (some even larger) but also the brownish-grey, marlier inter-
calations are rich in fossils. A major role is played by the larger foraminifera Miscellanea 
miscella, Ranikothalia, Discocyclina, sporadically Operculina as well. They are associated 
with the rotaliids Daviesina and Lockhartia, in some cases with miliolids and vemeuilinids. 
Calcareous algae, mainly dasycladaceae (e.g. Clypeina, Trinocladus) appear only occasionally 
within the harder, more calcareous nodules. Macrofossils such as gastropods, bivalves (e.g. 
oysters, Cardium) and very rarely small coral colonies can be found as well. Reworked echino-
derm fragments, mainly of echinoids, occur sporadically throughout the whole succession. 
MF Type (Chap. 4.3): 
23GT: Nummulitid floatstone with Discocyclina 
Member Ill: Nodular Marls with Nummulitids. 
This 47 m thick marly succession, which forms a distinct morphologic planation, gradually 
develops out of Member 11 owing to the decrease of the calcareous content. The amount of cal-
careous nodules resistant to weathering decreases considerably. In the lower part, the strata are 
occasionally intercalated by nodularly textured calcareous marls. Subsequent to a weak clea-
vage, which is to be seen in some places, the nodules may be oriented in parallel with the clea-
vage plane. The biofacial composition of the floats tones remained unchanged in comparison to 
MemberII. 
MF Type (Chap. 4.3): 
23GT: Nummulitid floatstone with Discocyclina 
Member IV: Limestones and Marls with Alveolina and Orbitolites. 
The 40 m thick sequence morphologically appears as a scarp. It is built with a higher degree of 
lithofacial diversification (from bottom to top): 
- 5 m of unevenly bedded hard limestones (Bank F8, Fig. 44c) . Floatstones with Miscellanea 
miscella, Ranikothalia, Discocyclina, miliolids, verneuilinids, and abundant biogenic detritus; 
in addi tion first Alveolina. 
- 3 m of nodular marls and calcareous marls, biofacial character as above. 
- 4 m of irregularly bedded (partially nodular) limestones with a sharp basal face; containing 
abundant larger foraminifera (Miscellanea, Ranikothalia, Alveolina), echinoderm fragments, 
and Disticlwplax biserialis. 
- 1.65 m of brownish-grey marls forming a morphologic depression; biofacial character as 
above, but fossils in smaller amounts; first udoteacean algae of the Ovulites genus. 
- 2 m of marly bound conglomerate (Fig. 44d) with pebbles up to fist-size and of the following 
origin: Limestones of the Thanetian (MF Type 23GT: Nummulitid floatstone with Discocy-
clina); limestones with Alveolina (MFType 24GT: Floatstone with Alveolina and Orbitolites); 
the oldest pebble component found was from the rhodolite facies (MF Type 16G: Rhodolite 
floatstone) of the Late Maastrichtian. 
- 14 m of Alveolina limestone, thick-bedded and massive, forming a prominent calcareous 
ridge halfway up the northern flank of the Zongpu valley (Bank F9, Fig. 44) . The limestone 
still bearing conglomerates in the basal strata is characterized by masses of Alveolina, spora-
dically Orbitolites, at the top accessorily by green algae (dasycladaceae, udoteaceae Ovulites). 
In the uppermost 0.5 m solitary corals occur more frequently. Allochemical particles contained 
are lithoclasts (mostly intraclasts) and coated grains. 
MF Types (Chap. 4.3): 
Below Bank 9: MF Type 23GT: Nummulitid floatstone with Discocyclina 
Above Bank 9: MF Type 24GT: Floatstone with Alveolina and Orbitolites 
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--- Gap in the exposure (about 5 m) ---
- 7 m of Orbitolites limestone: irregularly alternating bedding consisting of differently well 
bedded, occasionally also nodularly textured limestones, calcareous marls, and marlstones or 
thin marly layers. The sediments which towards the top are increasingly ferruginous are charac-
terized by massive accumulations of frequently very large Orbitolites, in addition Alveolina, 
miliolids, rotaliids, and first small Nummulites. The detection of sporadic Nummulites is 
contradictory to Hayden (1907: 56) who definitely denied the existence of this foraminifera in 
the Gamba area. The nummulitic larger foraminifera above all typical for Members IIIIII do no 
longer occur above Bank F9. In addition to various green algae (dasycladaceae, udoteaceae), 
completely preserved echinoids and small oysters appear. 
- 1 m thick series of marlstones and calcareous marls which is topped by a prominent oolite 
bank up to 20 cm thick (Bank FlO). It represents the end of the marine sedimentation. A 
second oolite may be intercalated locally within the succession. Clasts of the above mentioned 
biogens, in addition bryozoans, Lithoporella, and intraclasts served as ooid cores. 
MF Type (Chap. 4.3): 
26G: Grain-/packstone with radial ooids 
The attempt to correlate the Members II through IV with the lithofacial sub-units of the Zongpu 
Formation as described in Hayden (1907: 51) is difficult because the described facial features 
are too unprecise to allow a direct comparison with our own field observations. It seems doubt-
ful to which extent the detailed vertical division of the strata as suggested by Hayden is general-
ly valid at all, because this succession does not appear to be completely exposed at any place 
either owing to structurally complicated bedding conditions in the Gamba-Tatsang mountain 
range or owing to distinct lateral facies changes within this Formation. Because of the existence . 
of cross faults, the individual Members in addition can often be traced laterally only over short 
distances. Despite these difficulties a correlation will be attempted on the basis of the infor-
mation available. 
With some reserve, the nodular limestones of Member II may be correlated by means of litho-
facial and biof acial cri teria with the" Operculina limestone", the 47 m thick nodular marlstones 
of Member II with the 45 m of "Spondylus shales" in Hayden (1907: 54). The "Orbitolites 
limestone", however, suggested to have a thickness of 15 m (Hayden 1907: 54) only allows a 
direct comparison with the upper 7 m of the lithologically diversified Member IV. 
On the other hand, the Members "Sandy shale" and "Alveolina limestone" mentioned by 
Hayden (1907: 54) to be in the overlying bed can neither be proved in the form as described 
nor in the respective lithostratigraphic position. These strata are described to be located at the 
southern flank of the Zongpu valley or further east in the Gamba-Tatsang mountain range near 
the locality Dongbuk La; they are supposed not to be exposed in the immediate surroundings of 
Gamba because of tectonically highly disturbed bedding conditions. 
The question remains whether the" Alveolina limestone" described by Hayden from a tectoni-
cally isolated occurrence is not actually older than the "Orbitolites limestone" and with regard 
to time thus possibly ought to be correlated with the 14 m thick Alveolina limestone of Bank 9 
or with the underlying pebble horizon. It cannot be excluded, however, that again there also is 
the possibility of intense lateral facies changes. 
Stratigraphy 
Together with the underlying lidula Sandstones ("ferruginous sandstone"), the Zongpu For-
mation is classified into the Paleogene including the Eocene or Laki by most researchers 
(Hayden 1907: 56; Douville 1916: 45; Gansser 1964: 165; Bally et al. 1980: 77; Academia 
Sinica 1980: 24). Of this, Bally et al. dated a 78 m thick sub-unit "Nodular limestones and 
massive limestones" more precisely as Paleocene. Hayden and Douville assumed the Paleo-
cene/Eocene boundary between the" Spondylus shales" and the" Orbitolites limestones", Wen 
Shi-xuan (1974) and Zhang (1979: 259) between the Members I -Ill and IV-V. 
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In accordance with other researchers, Bassoulet et al. (1977: 221) defined the base of the Zong-
pu Formation as Paleocene, the top as Lutetian by means of Nummulites and Orbitolites. 
According to Zhang (1980) the youngest marine deposits of the Gamba region belong into the 
Lutetian and are assumed to coincide in time with the classification of the top of the Zhepure 
Shan Formation in Tingri (Willems & Zhang 1993b). 
The present studies have shown that the lower boundary of the Zongpu Formation has to be 
classified into the Middle Paleocene (Montian), because planktic foraminifera of the Angulata 
Zone occur (Fig. 44). These foraminifers appear in marls of Member I situated about 5.5 m 
above the lidula Sandstones in Section E. This classification is confirmed by means of ostra-
cods (det. Ye) which prove a Danian age in the lower 4.5 m of Section E. 
With the more frequent occurrence of Miscellaneamiscella, the top of Member I of the Zongpu 
Formation (Bank F9; Fig. 45) for the first time, in the studied sequence suggests the 
Thanetian. The major part of the Zongpu Formation succession in Section F, namely from the 
basal strata (Member 11, Bank 1) to the top of Member III (Bank F8) also has a clear Thanetian 
age. The total strati graphic sequence is characterized by the predominant distribution of 
Miscellanea miscella (D'ARCHIAC & HAIME) 
Discocyclina 
Ranikothalia 
R. cf. sindensis (DA VIES). 
The end of the Thanetian is characterized by a distinct change in the faunal composition with 
the transition of Member III into Member IV of the Zongpu Formation. The previously stilI 
dominating nummulitid foraminifera and discocyclinae diminish. Instead, representatives of the 
genus Alveolina begin to expand, followed by Orbitolites (beginning with Bank F9 in Sec-
tion F) and first small Nummulites (Fig. 45). The distribution of these foraminifera permits a 
determination of the upper about 25 m of the Zongpu Formation into the Ilerdian. 
This dating indicates that the youngest marine sediments in the areas of Gamba and Tingri are 
not of the same age, i.e. lower Middle Eocene, as postulated by Zhang (1980: 323). The 'Paleo-
cene/Eocene boundary is, however, located about 20 m in the overlying beds of the Zongpu 
Formation within the greenish-grey marls of the Zongpubei Formation. It is characterized by 
the change of the Velascoensis Zone to the Subbotinae Zone (det. Weidich; Toumarkine & 
Luterbacher 1985). In Wan (1990), a careful systematic description of Eocene larger foramini-
fers was presented, with similar strati graphic results as mentioned above. 
e. Zongpubei Formation (Figs. 44, 45) 
(Ilerdian - Paleocene/Eocene Boundary) 
The lithologically monotonous succession of 160 m thickness (Fig. 44) consists of a lower 
series of greenish-grey marls (about 90 m) and an upper series of red c1ay-/siltstones (at least 
30 m) with occasional intercalations of fine-grained sand banks. It is presumed that these litho-
facially striking sediments are an equivalent to the "Dzongbuk shales" in Hayden (1907: 56) 
and Gansser (1964: 165). In Willems & Zhang (1993a), the name Zongpubei Formation has 
been newly established according to the occurrence of the Formation on the northern flank (bei 
= north) of the Zongpu valley. 
Mainly the lower 40 m of the succession are intercalated at irregular intervals by thin-bedded, 
ferruginous calcareous marls and oolitic limestones, mostly laterally tapering out (MF Type 
26G: Grain-/packstones with radial ooids). The older layers contain biogens of the underlying 
strata of Member IV of the Zongpu Formation redeposited as ooid cores: small Nummulites, 
Orbitolites, Alveolina; in addition Ovulites, Halimeda, more frequently c1asts of bivalves and 
bryozoans; furthermore there are lithoclasts and detrital quartz. The large amount of bipyra-
midal authigenic quartzes is a characteristic feature. Up to 20 m above the base, the last planktic 
foraminifera (Globigerina), mostly in form of ooid cores, too, occur once again in these lime-
stone beds. 
A minor part of these banks consists of shells (MF Type 27G: Mollusc floatstone with radial 
ooids), which are primarily composed of mostly completely preserved bivalves (Ostrea, 
Cardium, Nucula, Polymenoda, Mytilus); of minor importance are gastropods along with 
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bryozoans. These banks, too, show more or less rich concentrations of ooids. 
As a whole, the lithofacial and biofacial features of the Zongpubei Formation reveal a con-
tinuous transition - interrupted by short-term marine intercalations - to the sedimentary 
conditions of marginal marine coastal ponds and lagoons separated from the sea, which tem-
porarily had a hypersaline or brackish environment. 
According to the strati graphical position of the topmost strata of the underlying Zongpu For-
mation, the basal portions of the Zongpubei Formation can be dated as Ilerdian. The Paleo-
cene/Eocene boundary is expected to be located about 20 m above these basal layers of the 
Formation. 
6.5 Fifth Day - Drive back to Gyangze and further N to Xigaze, Xigaze ophiolites 
Locality 7.6.-1 (Fig. 24): Locality Cheujon (Girardeau et al. 1984: 159), ca. 15 km W of 
Bainang on the road from Gyangze to Xigaze: stratigraphic contact of the Cretaceous forearc 
sediments (Xigaze Group) with the Xigaze ophiolite (ultramafics, mafics, radiolarites). 
Description: This outcrop was described by Girardeau et al. (1984) (Fig. 46). It gives an over-
view of the ophiolitic rocks of the suture and shows the primary contact of forearc sediments 
(Xigaze Group) on top of ophiolites (Xi gaze ophiolite). This outcrop may provide an oppor-
tunity to discuss possible mechanisms of emplace.ment of the Xi gaze ophiolite and its relation-
ship to the Xigaze Group. 
Locality 7.6-2 (Fig. 24): Outcrop 5 km north of Cheujon. Xigaze ophiolite, tectonic contact to 
the Xigaze Group. 
Description: see Girardeau et al. (1984). Just north of the primary, stratigraphic contact (north-
ward backthrust) of the Xigaze ophiolite to the Xigaze Group, both units are in tectonic contact 
to each other, which is the most frequently encountered situation. 
Drive Cheujon-Xigaze, left (S): ophioliths, right (N): Xi gaze-Group. 
During the drive to Xigaze, note the Xigaze Group deposits on the way (e.g., large channel 
fills that are easily noticeable as prominent ridges). A conspicuously light-coloured and fine-
grained sequence in the Xigaze Group is also visible and represents the top of the lowest super-
cycles in the Xigaze Group (Tashilunpo Fm). 
6.6 Sixth Day - Xigaze Forearc Basin 
Locality 8.6.-1 (Touristic): Stop at the Tashilunpo Palace in Xigaze. Visit the monastery and 
seat of the Panchen Lama, the second highest Tibetan after the Dalai Lama. 
Locality 8.6.-2 (Fig. 24): Hillside above (north) of the Tashilunpo Palace. Giant Xigaze Group 
channel fill, upper fan (base of Tashilunpo Fm). 
Description: The hillside behind the Tashilunpo palace is a spectacularly exposed giant channel 
fill. Of the giant channels in the Xi gaze Basin, the Xigaze channel is probably the best exposed 
and most readily accessible one. Its channel fill deposits crop out in the hills east and west of 
Xigaze (Fig. 47). Lateral pinching out of the channel fill sediments is well visible on the hill-
side extending westward of Xigaze. The channel is of erosional type; channel fill layers cannot 
be traced laterally into adjacent overbank deposits. The channel relief was probably compara-
tively low because thinning of individual channel fill layers away from the channel axis is very 
gradual. In the northern outskirts of Xigaze, sandy channel fills crop out that represent pre-
cursors of the Xigaze channel sediments proper. 
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Fig. 47 (opposite side): Sketch drawing of Xigaze channel fill from the north. The channel is composed of 
several conglomerate packages (insets), erosively incised. Right hand side inset shows that conglomerates are 
clast-supported (not graded) as well as matrix-supported (inversely graded at the base). From Dtirr (1993). 
The main channel fill is composed of a series of clast- as well as mud-supported conglomeratic 
deposits. Pebbles and cobbles are of dominantly magmatic origin and show sizes of up to ca. 1 
m longest diameter. Individual strata show thicknesses between ca. 1 and 10 m near the basin 
axis. Erosional scars and load casts are common features on lower strata surfaces. The clast-
supported conglomerates usually show no distinct grading. Up to 100 m thick amalgamated 
packages of strata of considerable lateral extension (up to several km perpendicular to the 
channel axis) are separated by sandy overbank deposits up to several tens of meters thick (Fig. 
47). These finer-grained sediments occur as lenses of irregular thickness and varying lateral ex-
tension, and apparently levelled out the former channel fill relief. The presence of the overbank 
deposits therefore suggests that the strata packages represent individual channel infills. The 
thickness of the individual infills is accordingly interpreted to give a value close to the pal eo-
channel depth (i.e. up to ca. 100 m). The thickness of packages is thought to closely reflect the 
pal eo-channel depth, because compaction of partly clast-supported conglomerates cannot have 
been high. 
Drive from Xi gaze north, and then along the Yarlung river bank towards the east (ca. 40 km). 
On the way: Xigaze Group Albian interchannel sediments and smaller channel fills of upper 
and middle fan regions (Jiangqinzhe Fm). 
Description: The exposed Xigaze Group sediments are the oldest preserved in the area. They ex-
perienced high-pressure, very-low-grade metamorphism (not visible in hand specimen), as 
shown from thin section and XRD analyses by the mineral assemblage lawsonite + pumpellyite 
+ albite + quartz + chlorite ± sphene. The occurrence of lawsonite points to pressures of at 
least 3 kb, equivalent to an overburden of 12 km sediment. Since lawsonite disappears from 
the mineral assemblage in the Xigaze Group towards the south (i.e., in stratigraphically higher 
levels), the metamorphism is interpreted to results from a sedimentary overburden in the fore-
arc basin (with typical low heat flow necessary to form lawsonite), rather than from tectonic 
burial. 
In this northeastern area, pebbly deposits have a large proportion of carbonate pebbles. 
In places along the road, the Xigaze Group is in direct (tectonic) contact to the Qiuwu Fm., 
easily identified by the reddish-violet colour of deposits. The Qiuwu sediments are not meta-
morphosed. 
Miocene andesitic(?) dykes and sills are visible frequently in both the Xi gaze Group and Qiuwu 
Formation. These dykes and sills may be connected to Miocene leucogranites in the Higher and 
Tethys Himalayas, which represent the only magmatic products formed by the Himalayan 
orogeny. 
Locality 8.6.-3 "Xi gaze Airport" (Fig. 24): Aptian/Albian neritic fossil-rich carbonates. 
Description: A several hundred meters thick succession of marls (sometimes with carbonate 
concretions), nodular limestones, marly limestones, and some massive limestones (reefs?) is 
exposed at Xigaze Airport. Typical fossils include frequent oysters, solitary corals, mollusks, 
and foraminifers. 
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6.7 Seventh Day - Xi gaze Forearc Basin 
Drive from Xigaze south, then west (ca. 30 km). On the way, we pass through the lower two 
supercyc1es of the Xigaze Group (Tashilunpo and KaDe Fms.), and at the same time from the 
middle to the lower fan region. Channels are of depositional type with a lower depth/width 
ratio, and terminate, depositing sheet sands, though these deposits may not be well visible 
along the road. On the way west, a light-coloured, marly sequence is well visible on the right 
hand side. It represents the top of the second supercyc1e (KaDe Fm.), and is, in places, rich in 
concretions. It signifies reduced turbidity current activity, possibly due to a sea level highstand. 
Near the village KaDe, the road runs just south of the synclinorium axis, in the Jiding Fm. (the 
youngest Xigaze Group sediments exposed in the area). 
Locality 9.6.-1 (Fig. 24): Village KaDe. Basin plain sediments, large incised channel with later-
ally accreted deposits 
Description: Near the village KaDe, the most distal sediments of the Xi gaze Group are 
exposed. These are fine-grained, often marly deposits of the basin plain region with thin, distal 
turbidites. However, incised into these sediments is a huge (2 km wide) channel fill. Three 
incision phases could be recognized, marked by basal conglomeratic layers (Fig. 48). Row 
directions are to the south, but an eastward lateral accretion of channel fill beds is also visible 
(Fig. 48), pointing to an eastward migration of the channel. Similar structures were observed 
also at other localities, consistently suggesting eastward channel migration. 
To the south (1-2 km walk), conglomerates, sand- and siltstones of the Liuqu Fm. ("molasse") 
are exposed. In contrast to the Qiuwu Fm., the Liuqu Fm. is largely derived from the eroding 
Xigaze Group, with a minor ophiolitic input. 
If time permits, drive to the west (along strike), ca. 20 km to the village Jiding. On the way: 
deposits of the lower fan and basin plain regions. 
Then drive north into a smaller valley, another ca. 10 km. 
Locality 9.6.-2 (Fig. 24): Stop 10 km north of Jiding. "Urgonian"-type limestones. 
Description: This is the best exposure of the Urgonian-type limestones north of the Xigaze 
Group. Exposed are massive, reefallimestones with frequent rudists of Upper Aptian/Lower 
Albian age (Wiedmann, pers. comm.). Intercalated are thin volcanic1astic layers, suggesting 
that volcanic arc activity (and sedimentation into the forearc basin) had begun at this time. 
North of the carbonates, the tectonic contact to the (structurally) underlying Qiuwu sediments is 
represented by atectonic melange lOs of meters thick, with a matrix of Qiuwu sediments and 
slices of carbonates. 
South of the carbonates, basin slope deposits are exposed, in places with some macrofossils 
(mollusks). These sediments occur in a tectonically strongly disturbed area. 
Drive back to Xigaze 
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Fig. 48: KaDe channel cross section. The channel fill consists of numerous stacked facies A and B deposits, 
which show three major incision phases. Debrites deposited during the first incision phase and coarse sands of 
the second phase show lateral accretion, indicating E-ward migration of the channel axis. From Dtirr (1993). 
6.8 Eighth Day -Xigaze-Lhaze-Zhangmu 
Drive Xigaze-Lhaze crossing the Indus-Y arlung suture zone and driving then through Jurassic-
Cretaceous oceanic sediments and Triassic rift clastics (Fig. 32). 
Locality 10.6.-1: Examination of Permian erratic blocks near Quxar/Cuola east of Lhaze, road 
Xigaze-Tingri near km 3511352. 
Description: (after Academia Sinica 1980) Two localities for the examination of Permian erratic 
blocks can be visited near the main road Xigaze-Nyalam. The first one is near Quxar. From 
Quxar to Cuola, Permian limestones scatter irregularly as isolated blocks between Triassic sand-
stones and shales that are intercalated with Triassic limestones. One of the biggest of these 
erratic blocks is those from SW of Quxar village - the Jiezhangshan exotic block measuring 
4.4 km 2 in extension. The Jiezhangshan block is mainly composed of white-grey bioclastic 
limestone intercalated with shales and siltstones. Abundant Permian fossils were collected in 
these exotic blocks like the brachiopods Stenoscisma gigantea, S. cf. purdoni, Marginifer 
sp., Spirijerelia ragar, S. sinica, Neospirifer sp. and corals like Amplexocarinia sp. Bet-
ween the Jiezhangshan block and the underlying Triassic sands tones and shales, a thrust zone 
is clearly seen. 
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The second locality is those at 500 m west of Cuola pass. The exotic limestone block measures 
50-60 m in east-west direction and 60 m from south to north. The limestone contains crinoid 
stems and the lithofacies and fossil content is similar to the previously mentioned Jiezhangshan 
block. To the south, the limestone block is embedded in Triassic sandstones, shales, and 
purple red argillaceous rocks. 
According to Liu (1992: 71172), these erratic Permian blocks embedded in Upper Triassic sedi-
ments are the remnants of a tectonic event occurring in the NorianlRhaetian period in the Lhaze 
area. 
Drive Lhaze-Tingri. Lhaze is located on a Quaternary alluvial plain at 4100 m altitude. Few kilo-
meters west of Lhaze, the road bifurcates, and the excursion follows the main road southward. 
Triassic clastic deposits, as well as Jurassic deposits can be recognized on the geological map 
(Fig. 32) towards New Tingri (Shegar) 
Cretaceous and Tertiary sediments crop out westward of New Tingri and will not be visited 
due to the remoteness of the measured section Tingri (Willems & Zhang 1993b) that is located 
approximately 20 km west of New Tingri. 
Locality 10.6.-2 (optional): North of Tingri (section S7 of Liu 1992), a Lower Cretaceous 
slope facies is exposed along the eastern side of the main road (at km 474 to 475). 
Description: Four sedimentary units were recognized in Liu (1992: 143/44, fig. 2-4-6): 
- unit 1 with well-laminated, dark-grey to black calcareous shales with intercalated thin-
bedded limestones, 
- unit 2 with black shales, marIs, and slumped debrites and calcirudites, 
- unit 3 with thin-bedded black shales and marls with intercalated thin sandstone beds. Large-
scale slump structures are prominent (cf. Liu 1992: pI. 12-7), 
- unit 4 with interbedded layers of calcarenite, sandstone, and shales. A, B, C, and D units of 
the Bouma division are visible. Unit 4 originated from a slope fan system, units 2 and 3 
represent a lower slope setting, and unit 1 was interpreted as representing a upper slope to 
outer shelf environment. 
A short stop will be perhaps made near Tingri Hotel. Just towards the northward hill at the 
hotel, Lower Cretaceous black shales with abundant sideritic and/or phosphatic concretions 
crop out. Ammonites are present in the concretions. These sediments represent outer shelf to 
slope deposits. 
Drive Tingri-Gutzuo. After New Tingri, the excursion enters the valley of river Phung Chu 
(Pum Qu) and passes Old Tingri. The Mt. Everest is situated 60 km southward. Driving 
through Cretaceous, Jurassic, and Triassic sediments, the excursion stops near Gutzuo. 
Locality 10.6.-3: Jurassic-Cretaceous boundary near Gutzuo (Gucuo), behind the military 
post, section S3 in Liu (1992: 77, 120f, 124f). 
Description: (after Liu 1992: 124, fig. 2-3-23) In the Gutzuo section, Tithonian platform 
margin slope and outer shelf facies can be examined. The profile starts with a slope talus sub-
facies at the base, which is characterized by coarse skeletal and lithoclast wackestones and brec-
cias or calcirudites (Liu 1992, pI. 12-1), as well as calcarenite turbidites. The intraclasts are 
poorly sorted and angular in shape. The calci-turbidites are thin-bedded and consist of graded 
calcarenites and calcisiltites. Small channels are visible, indicated the relative steepness of the 
foreslope. 
A barrier shoal unit comprises the lower middle part of the section, which consists of coarse 
grainstones and oolitic grainstones and packstones. The grainstones contain ooids, peloids, 
skeletal and aggregate particles as well as intracIasts and may have formed along a barrier front. 
The overlying strata reflect a deepening-upward trend characterized by foreslope to outer shelf 
facies. The outer shelf facies comprises grey calcareous shale/marl rhythmites, in places 
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interbedded with thin limestones. No macrofossils were recorded, but some trace fossils occur. 
The fore-platform facies is dominated by wackestones and mudstones as well as by calcareous 
shale/marl rhythmites. These may have been originated from oscillations in the supply of 
suspended lime mud from the platform and terrigenous clay input. 
The top of the section shows a coarsening-upward trend from black shales and siltstones (of 
probably uppermost Tithonian age) to low-angle, cross-bedded, fine-grained quartz sands tones 
(of probably lowermost Cretaceous age). This trend, and the high maturity of the cross-bedded 
quartz sandstone, may indicate the presence of a prograding siliciclastic barrier complex. This 
is the sedimentary expression of a strong regressive pulse around the lurassic-Cretaceous 
boundary. 
Drive from Gutzuo to Zhangmu at the Nepalese border. An optional stop will be possibly made 
N of Nyalam to examine Paleozoic stratas (locality 10.6.-4). Between Gutzuo and Nyalam, the 
excursion route crosses folded Cretaceous, lurassic, Triassic and Paleozoic sediments. Very 
good exposures of Triassic and lurassic sediments in the sections SI (Tulong-Niehnieh 
Hsiongla section) and S2 (Lalongla section) of Liu (1992: figs. 1-2,2-2-3,2-3-1,2-3-14, p. 
44f, 79f, lOaf) will be perhaps visited for a short photo stop. The Precambrian crystalline is 
entered N of Nyalam (Fig. 31). The excursion route ends at Zhangmu (Zham) near the Nepa-
lese-Chinese border. 
6.9 Ninth Day - N of Zhangmu, Precambrian 
Locality 11.6.-1: N of Zhangmu and Zhangmu to Chinese-Nepalese border. Outcrops of the 
Precam brian Qomolangma Group. 
Description: The Qomolangma Group is composed of callys, gneiss, and some marbles, and 
contains the microflora Taeniatum sp., Trachysphaeridium sp., and Laminarites sp. Isotope 
data give an age of 640 to 660 m.y. for the Qomolangma Group. 
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Plates 
Plate 1 - Planktic foraminifers from Tingri, Tibet 
Fig. 1: Rotalipora eushmani (MORROW) with infill of organic matter, Cushmani Zone, 
Upper ~enomanian. Section Tingri, profile L, sample Lf 39. 
Fig. 2: Graded filamentous packs tone from the Cushmani Zone, Upper Cenomanian. 
Section Tingri, profile L, sample Lf 26. 
Fig. 3: Rotalipora deeekei (FRANKE), Cushmani Zone, Upper Cenomanian, section 
Tingri. Section Tingri, profile L, sample Lf 36. 
Fig. 4: Marginotruncana pseudolinneiana PESSAGNO from the Sigali Zone, Upper 
Turonian. Section Tingri, profile L, sample Lf 45. 
Fig. 5: Diearinella imbrieata (MORNOD) from the Archaeocretacea to HelveticaZone, 
Lower to Middle Turonian. Section Tingri, profile L, sample Lf 34. 
Fig. 6: Helvetoglobotruneana helvetica (BOLU) from the top of the Helvetica Zone, 
Middle Turonian. Section Tingri, profile L, sample Lf 42. 
Fig. 7: Marginotruncana eoronata (BOLU), Asymetrica Zone, Upper Santonian. Section 
Tingri, profile L, sample Lf 166. 
Fig. 8: Diearinella primitiva (DALBIEZ), Concavata Zone, Coniacian to Lower Santonian. 
Section Tingri, profile L, sample Lf 58. 
Fig. 9: Diearinellaeoneavala (BROTZEN) from the Asymetrica Zone, Upper Santonian. 
Section Tingri, profile L, sample Lf 167. 
Fig. 10: Globotruneanita elevata (BROTZEN), Ventricosa Zone, Middle Campanian. 
Section Tingri, profile L, sample Lf 183. 
Fig. 11: Globotruncana area (CUSHMAN) (below) and G.linneiana (D'ORBIGNY) 
(above) from the Gansseri Zone, Middle Maastrichtian. Section Tingri, profile L, 
sample Lf 89. 
Fig. 12: Globotruncanita ealearala (CUSHMAN), Calcarata Zone, Upper Campanian. 
Section Tingri, profile L, sample Lf 190. 
Fig. 13: Globotruneana ventrieosa WHITE, VentricosaZone, Middle Campanian. Section 
Tingri, profile L, sample Lf 183. 
Fig. 14: Globotruneanita subspinosa (PESSAGNO), Gansseri Zone, Middle Maastrichtian. 
Section Tingri, profile L, sample Lf 89. 
Fig. 15: Mass occurrence of planktic f oraminif ers in a packstone of the Asymetrica Zone in 
section Tingri. Section Tingri, profile L, sample Lf 177. 
Fig. 16: Gansserina gansseri (BOLU) from the Gansseri Zone, Middle Maastrichtian. 
Section Tingri, profile L, sample Lf 89. 
Fig. 17: Globotruneana jalsostuarti SIGAL from the Gansseri Zone, Middle Maastrichtian. 
Section Tingri, profile L, sample Lf 97. 
Plate 1 
Plate 2 - Planktic foraminifers from Gamba, Tibet 
Figs. la, b: Heterohelix globulosa (EHRENBERG). la: side View, 1b: edge view. Gamba, 
Upper Cretaceous Jiubao Formation, sample XZF051. 
Figs. 2a, b: Heterohelix reussi (CUSHMAN). 2a: side view, 2b: edge view. Gamba, Upper 
Cretaceous Jiubao Formation, sample XZF049. 
Figs. 3a, b: Heterohelix cordatus WAN. 3a: side view, 3b: edge view. Gamba, Upper 
Cretaceous Zongshan Formation, sample XZFO.54. 
Figs. 4a, b: GlobigerineUoides algeriana CUSHMAN & TEN DAM. 4a: umbilical view, 4b: 
lateral view. Gamba, Lower Cretaceous Caqiela Formation, sample XZFOO4. 
Figs. 5a, b: GlobigerineUoides eaglefordensis (MOREMAN). 5a: umbilical view, 5b: lateral 
view. Gamba, Lower Cretaceous Caqiela Formation, sample XZFOO5. 
Figs. 6a, b: Globigerinelioides bentonensis (MORROW). 6a: umbilical view, 6b: lateral 
view. Gamba, Lower Cretaceous Caqiela Formation, sample XZFOO7. 
Figs.7a-c: Hedbergella simplex (MORROW). 7a: dorsal view, 7b: lateral view, 7c: ventral 
view. Gamba, Upper Cretaceous Lengqingre Formation, sample XZF024. 
Figs.8a-c: HedbergeUa trocoidea (GANDOLFI). 8a: dorsal view, 8b: lateral view, 8c: 
ventral view. Gamba, Lower Cretaceous Caqiela Formation, sample XZFOO9. 
Figs.9a-c: HedbergeUa planispira (TAPPAN). 9a: dorsal view, 9b: lateral view, 9c: ventral 
view. Gamba, Upper Cretaceous LengqingreFormation, sample XZF012. 
Figs. lOa-c: HedbergeUa portsdownensis (WILLIAMS-MICHEL). lOa: dorsal view, lOb: 
lateral view, lOc: ventral view. Gamba, Upper Cretaceous Lengqingre 
Formation, sample XZF014. 
Figs. l1a-c: HedbergeUa murphi MARIANOS & ZINGULA. lIa: dorsal view, lIb: lateral 
view, 11c: ventral view. Gamba, Upper Cretaceous Xiawuchubo Formation, 
sample XZF016. 
Figs. 12a, b: Whiteinellaarchaeocretacea PESSAGNO. 12a: lateral view, 12b: dorsal view. 
Gamba, Upper Cretaceous Xiawuchubo Formation, sample XZF018. 
Figs. 13a, b: Hedbergella crassa (BOLLI). 13a: dorsal view, 13b: ventral view~ Gamba, 
Upper Cretaceous Xiawuchubo Formation, sample XZF016. 
Figs. 14: HedbergeUa orectus WAN. Lateral view. Gamba, Upper Cretaceous 
Xiawuchubo Formation, sample XZF020. 
Figs. 15a, b: Ticinella roberti (GANDOLFI). 15a: dorsal view, 15b: lateral view. Gamba, 
Lower Cretaceous Caqiela Formation, sample XZFOOl. 
Figs. 16a-c: Rotalipora appenninica (RENZ). 16a: dorsal view, 16b: lateral view, 16c: 
ventral view. Gamba, Upper Cretaceous Lengqingre Formation, sample 
XZF027. 
Figs. 17a-c: Rotalipora evoluta SI GAL. 17a: dorsal view, 17b: lateral view, 17c: ventral 
view. Gamba, Upper Cretaceous Lengqingre Formation, sample XZF016. 
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